- 1 - DESCRIPTION Infrared ray | anmp, heating apparatus and nethod of
producing the infrared ray | anp TECHNI CAL FI ELD The present invention
relates to an infrared ray lanp to be used for a heater for heating objects
and a space heater for heating roons, etc. (hereinafter referred to as a
heati ng apparatus), nore particularly to an infrared ray |anp having good
functions as a heat source by using & aar-bon-based substance as a heating
el enent, to a heating apparatus using the infrared ray lanp, and to a

met hod of producing the infrared PRFCRANT.TEACKGROUND ART A conventi onal
infrared ray | anp causes a problemwherein its power consunption increases
abnormally after use for a long tinme, and its heating portions fuse and
break in sone cases. This problemw || be described below. As an infrared
ray | amp conventional }9fG8€4dasayal pBRt Beatddgd apnanz hredangymeamechavi ng
a tungsten spiral filanment held at the central portion of a glass tube by
a nunber ofofuppoRisigy tifRstBArRrEefsetRY HO®BPer, the infrared ray

em ssion rate of the tungsten is so low as, -2- 30 to 39% and the rush
current at the time of turning on is high. Furthernore, it is necessary to

use a nunber of
TECHNICAL FIELD

The present invention relates to an infrared ray
lamp to be used for a heater for heating objects and a space
heater for heating rooms, etc. (hereinafter referred to
as a heating apparatus), more particularly to an infrared
ray lamp having good functions as a heat source by using
a carbon-based substance as a heating element, to a heating
apparatus using the infrared ray lamp, and to a method of

producing the infrared ray lamp.

BACKGROUND ART

A conventional infrared ray lamp causes a
problem wherein its power consumption increases
abnormally after use for a long time, and its heating
portions fuse and break in some cases. This problem will
be described below.

As an infrared ray lamp conventionally used as
a heat source, an infrared ray lamp having a tungsten
spiral filament held at the central portion of a glass tube
by a number of supports of tungsten is used. However, the

infrared ray emission rate of the tungsten is so low as,



t he tungsten supports for holding the tungsten spiral filanent at the
central portion of the glass tube, and the assenbly work for them was not
easy. In particular, sealing the plural tungsten spiral filanments in the
glass tube in order to obtain high output was very difficult. In order to
sol ve these problens, an infrared ray |anp, wherein a carbon-based
substance forned into a rod shape is used instead of the tungsten spiral
filanments as a heating elenment, has been proposed conventionally. As such
a conventi @falt o ¥fF%r ethd ayh & amp shapuirmferar et ridye tanp df sthosdcdg on
Japanese Published Unexam ned Patent Application, Publication No. Hei

11- 54092 ap hdditby tHierthammaappl i cankts s chasaoly theupeesemtmbmrentfi on is
avai |l abl e. Since the carbon-based substance has a high infrared ray :
eni ssi on r &the ofurgsteng42pp A& tisnfirar eo L8y ngefizsi bnngstte rofs pheailnfr ar ed
ray | anp al so becones high by using the carbon-based substance as a heating
el ement. Hirkdreenbrat Hiaceenrhesadarboi-lsased shiesuanses hadbea amegihieve
resi stance tenperature characteristic wherein its resistance value |owers
as the ten@aRUPLEYr WOaX [OE th&boiRHaBed S@FSt ancder heeriisiugrarfi cant
characteristic of capable of reducing its rush current at the tine of
turni ng on.SeAIGNY b aRl erady Eund§iie isdnkst 3how hgmepd&s 13 thengéasisonal
infrared ray | anp descri bed in Japanese Published Unexam ned Pat ent
Applicatio&uqﬁﬁﬁ?c%Fﬂéﬁ N obtaln high output was very difficult.

In order to solve these problems, an infrared
ray lamp, wherein a carbon-based substance formed into a
rod shape is used instead of the tungsten spiral filaments
as a heating element, has been proposed conventionally.
Asgs such a conventional infrared ray lamp, an infrared.:ay
lamp disclosed in Japanese Published Unexamined Patent
Application, Publication No. Hei 11-54092 applied by the
same applicant as that of the present invention ié
available. Since the carbon-based substance has a high
infrdred ray emission rate of 78 to 84%, the infrared ray
emission rate of the infrared ray lamp also becomes high
by using the carbon-based substance as a heating element.
Furthermore, since the carbon-based substance has a
negative resistance temperature characteristic wherein
its resistance value lowers as the temperature rises, ths
carbon-based substance has a significant characteristic
of capable of reducing its rush currxent at the time of
turning on.

FIGS. 20 and 21 are front wviews showing the



Hei 11-54092, wherein the carbon-based substance is used as a heating
elenment. Part (a) of FIG 20 is a view showing the structure of the |ead

wi re taking-out portion of the conventional infrared ray lanp in which a
heating element 200 is sealed inside a glass tube 100. Part (b) of FIG 20
is a partially magnified view show ng the connection portion between the
heating el ement 200 and the lead wire_ 304 of the infrared ray |lanp shown in
the part (a) of FIG 20. FIG 21 is a partially magnified view show ng the

connect i oncp@ridwni brkdeen fiter & A0 rhgatlidigp ek egentinP0an ang 2098eand t he
| ead wire 104 of the conventional infrared ray lanp in which the two

heati ng el en@tissROQU medaRA0le d 2re esealzgdh i heade orhe PaltASSc 4vhen Thee part
(a) of FIG 20 shows the structure of one end of the infrared ray |anp,
and t he ot Reri and pfodhe whéraned thay champihasasied lsarb s tSdfiget UE€used
Furthernore, the structure of the infrared ray lanp shown in FIG 21 is
sinilar toashathshbingieléhmentpar Paie) (af) FEGIR0,2@%ceptview diheweanrnection
portion between the two heating el enents 200a and 200b and the lead wre
104 shown ithe hecfuigtuee & shewheian thiecepardk{ay - @hﬂqdarﬂﬂonlafth@e
conventional infrared ray lanp, a netal wire 102 wound in a coil shape is
wound ar ourdrishenehdnefl ihé riaead mpellamgmtin 200 dloranbe a0f 1 mg cal boenbrased
substance and fornmed into a 4 rod shape. The end portion of the coil-shaped
‘metal wire20I02§ seovedetingide @ wdteds foibesléfdue PRIt afle) t bEsFmet.al
20 is a partially magnified view showing the connection
portion between the heating element 200 and the lead wire
104 of the infrared ray lamp shown in the part (a) of FIG.
20. FIG. 21 is a partially magnified view showing the
connection portion between the two heating elements 200a
and 200b and the lead wire 104 of the conventional infrared
ray lamp in which the two heating elements 200a and 200b
are sealed inside the glass tube. The part (a) of FIG.
20 shows the structure of one end of the infrared ray lamp,
and the other end of the infrared ray lamp has similar
structure. Furthermore, the structure of the infrared
ray lamp shown in FIG. 21 is similar to that shown in the
part (a} of FIG. 20, except for the connection portion
‘between the two heating elements 200a and 200b and the lead
wire 104 shown in the £figure.

As shown in the part (a) of FIG. 20, in the
conventional infrared ray lamp, a metal wire 102 wound in

a coill shape is wound around the end of the heating element

200 formed of a carbon-based substance and formed into a



foil sleeve 103 is secured to the end of the heating element 200 by
crinping. The internal lead wire 104 formed of a netal wire and having a
coil portion 105 wound in a coil-spring shape in the mddle of the wire is
electrically bonded to one end of the netal foil sleeve 103. One - end of a
nol ybdenum foil sheet 107 is spot-welded to the other end of the internal

| ead wire 104. Furthernore, an external 4l ead wire 108 fornmed of a

nol ybdenumwire is welded to the other end of the nol ybdenum foil sheet

107. The heatli sgaeleenemh2@hd tgrertkedal ofothe st @evesh@hed ke taDtwerpal | ead
wire 104, the nolybdenumfoil sheet 107 and the external lead wire 108
connect ed i h0g3etsaesowasrdésel ithed mabalef ai e § nseveedo B ntand hen Pk asst&4ube 100
and di sposed therein. An inert gas, such as argon, nitrogen or the like,

is seal ed ifsidestbheve 283 1sulzechbedtthe t@leassdt abe HDB e atsi rf gk gt bonded
at the portion of the nolybdenumfoil sheet 107, thereby conpleting an
infrared ragobabp. cEHi@Gp2igi s @hpeligpectiar Véed show ng 4 Ko dmsd def of

anot her conventional infrared ray | anp and showing the structure of the
connecti on pethtilonwimeeweed tirerimoe aheatilhg et eient S 2D0@and 2@0k and t he
netal lead wire 104 of the conventional infrared ray |lanp. As shown in FIG
21, this coavédtisgnalngriflraped vy 4y afpdiascd Hhe wcitng é s shecdim. ¢dklywo
heati ng el enents 200a and 200b are sealed 5 in one glass tube (not shown).
In the infraradedaycd ape shdwafi thel @etal ftolil-shapye rdtdal Wnessdd2a and

102b -
of a molybdenum foil sheet 107 is spot-welded to the other

end of the internal lead wire 104. Furthermore, an
external lead wire 108 formed of a molybdenum wire is
welded to the other end of the molybdenum foil sheet 107.
The heating element 200, the metal foil sleeve 103, the
internal lead wire 104, the molybdenum foil sheet 107 and
the external lead wire 108 connected in series as described
above are inserted into the glass tube 100 and disposed
therein. An inert gas, such as argon, nitrogen or the like,
is sealed inside the glass tube 100, the glass tube 100
is fused and bonded at the portion of the molybdenum foil
sheet 107, thereby completing an infrared ray lamp.
FIG. 21 is a perspective view showing the inside
of another conventional infrared ray lamp and showing the
structure of the connection portion between the two
heating elements 200a and 200b and the metal lead wire 104
of the conventional infrared ray lamp. As shown in FIG.
21, this conventioconal infrared ray lamp has a structure

wherein the two heating elements 200a and 200b are sealed



are wound around the end portions of the heating elenent 200a and 200b
respectively, and netal foil sleeves 106 are fitted over the wres. The
fitted metal foil sleeves 106 are secured to the end portions of the
heati ng el enents 200a and 200b by crinping. The netal |ead wire 104 having
a coil portion 105 wound in a coil-spring shape in the mddle of the wre
is electrically connected to the netal. £o0il sleeves 106. The infrared ray

| anps havi ng t he above- nentioned structures have good infrared ray em ssion

rates, sincge éhei glheat itn@ el @@t Shawe )f.or ned e ai garberdased lamp
substance; but, there are the follow ng problens. In the conventi onal

infrared raynhbrApihavize the, sbdhuctsiepshiona tial WiGe20i0ber de 1epp of

| arge wattage of the infrared ray lanp, that is, for the lanp of a |arge
power consufpéiwoundhareeindd stepesh aepalk twiores R tise Heatedd @ laehégh
tenperature- As a result, when the infrared ray |lanp having this structure
is used forzaohkongd 100me,rddipecantvacly y egiditcel o i hes Xosnest 108 Lt on
anong the heating el enent 200, the coil-shaped netal wire 102 and the netal
foil sleevetif8eidnorveasebebwdauwse. of THdef it eapenatarle foiide s ITBwvesnvent i ona
infrared ray lanp therefore has the problem of abnormal heating at the
connecti on anet securfad ttherinbe eenidf pdiet tenpepdt e dteatfngt kd cxoxmest i on
portion between the coil-shaped nmetal wire 102 and the netal foil sleeve
103 rises cof0ianands?2§0bdry crimping. The metal lead wire 104 having

a coil portion 105 wound in a coil-spring shape in the
middle of the wire is electrically connected to the metal
foil sleeves 106.

The infrared ray lamps having the above-
mentioned structures have good infrared ray emission rates,
since their heating elements are formed of a carbon-based
substance; but, there are the following problems.

In the conventional infrared ray lamp having the
structure shown in FIG. 20, for the lamp of large wattage
of the infrared ray lamp. that is, for the lamp of a large
power consumption, the coil-shaped metal wire 102 is
heated to a high temperature. As & result, when the
infrared ray lamp having this structure is used for a long
time, the contact resistance of the connection portion
among the heating element 200, the coil-shaped metal wire
102 and the metal foil sleeve 103 increases because of the
temperature rise. The conventional infrared ray lamp

therefore has the problem of abnormal heating at the

connection portion. Furthermore, if the temperature at



a long tinme, the tenperature at the bonding portion may rise high and, in
the worst case, the bonding portion may fuse and break. Mbreover, the
stress caused by heat cycles due to the difference in thermal expansion
coefficient between the heating el enent 200 and the coil-shaped netal wre
102 is added, and the contact resistance becones higher than the val ue at
t he begi nning of use, whereby the tenpegature rise at the connection
portion is accelerated. In addition, in the structure of the infrared ray
| anp havi ngthéecemoeplddiamg ogl tehentise 200ananie 200bl - shewr d meflad, wAlge t he
foll ow ng problenms are caused. In the process wherein both ends of the two
heati ng el ehatangobheand t200If otk eieapedlBy wdiseg tdwntimuabsilyi Ifost eeve
106, no problemoccurs if the two heating elenents 200a and 200b are
crinped by @& Lonfotmmeenstivy tempespiressi oh theceoniey QT Eipmpimay nay
occur in a state of an unbal anced tension or conpression force. In the
convent i onafisafhigldapgy Hanghenderngoheasd npilg Yondsnehparkdypn imayt he
heati ng el enents 200a and 200b are heated, the two heating el ements 200a
and 200b exfpapd ameFadly- i o AP PMVeront het RE B8 S SFRUS ARLY cyches

i nbal ance of the tension _or conpression force applied to the heating

el enents 20dacak@ Xdobh dhEFEESECE | ANt ﬁéeéasael vmha@ﬁéonbéi%%élpﬁeme
crinped state is inproper in particular, - ne of the carbon-based

heating el eehtgen shghher tifs qlaﬁ“@%‘ﬂtt%%lft‘)‘hdd?h%d‘rﬁﬁjeﬁhéﬁ’efdof“@éqls

applled may _ break. .
wire 102 is added, and the contact resistance becomes

higher than the value at the beginning of use, whereby the
temperature rise at the connection portion is accelerated.
In addition, in the structure of the infrared
ray lamp having the two heating elements 200a and 200b
shown in FIG. 21, -the following problems are caused.
In the process wherein both ends of the two
heating elements-zooa and 200b are crimped by using the
metal foil sleeve 106, no problem occurs if the two heating
elements 200a and 200b are crimped by a uniform tension
or compression force:; however, crimping may occur in a
state of an unbalanced tension or compression force. In
the conventicnal infrared ray lamp undergone crimping in
such a way, 1f the heatingelements 200a and 200b are heated,
the two heating elements 200a and 200b expand thermally
in different states. For this reason, the imbalance of
the tensicn or compression force applied to the heating
elements 200a and 200b increases. In the case when the

balance in the crimped state is improper in particular,



Next, the problemof directivity in the conventional infrared ray lanp wll
be described below. The infrared ray lanp is used as a heater for heating
objects or for a space heater for heating roons by using radiant infrared
rays. As this kind of the conventional infrared ray |anp, an infrared ray
| anp having the structure shown in FIG 22 is knowmn. FIG 22 is a plan
vi ew show ng an exanple of the conventional infrared ray lanp. FIG 23 is a
perspective view showing the infrared ray lanp shown in FIG 22. In FIGS.
22 and 23pcneheoTehhealcgmrenohasfed Heedhfingr ed gregnkanp ttarwbé chuntdes st ood
easily fromthe descriptions on both side portions shown in the figures,
t heref ore, tdmyeemansioporricampfeshd amEpgicedisagppamed s megt bsteowh. i n
either of the figures. The conventional infrared ray |anmp shown in FIGS
22 and 23 conprises alswbst &ftd aprgbdpim redr i ¢aregltdssitybén Z01e netal foil
sheets 205 enbedded in both end portions of the glass tube 201, a heating
el enent 24@dreremt Loallly ineagedd agivdd amme Wl ddsbeulde xoibed betleywal | ead
wires 204. The heating element 240 is a resistance wire formed of nichrone
or tungsten and woundl'ir@ andgidrshapay HP g enaald lasadk wiease204£are used
to connect both ends of the heating elenent 240 to the netal foil sheets
205. As - SeatiegubPbJedfes Heatfag el epafie @aterefedt Meatipg comested to
the netal foil sheets 205 and pul |l ed é)roperly _

by using radiant infrared rays.” As this kind of the
conventional infrared ray lamp, an infrared ray lamp
having the structure shown in FIG. 22 is known. FIG. 22
is a plan view showing an example of the conventional
infrared ray lamp. FIG. 23 is a perspective view showing
the infrared ray lamp shown in FIG. 22. In FIGS. 22 and
23, the central portion of the infrared ray lamp can be
understood easily from the descriptions on both side
portions shbwn in the figures, therefore, the central
portion of the infrared ray lamp is not shown in either
of the figures.

The conventional infrared ray lamp shown in FIGS.
22 and 23 comprises a substantially cylindrical glass tube
201, metal foil sheets 205 embedded in both end portions
of the glass tube 201, a heating element 240 hermetically
sealed inside the glass tube 201 and internal lead wires
204. The heating element 240 is a resistance wire formed
of nichrome or tungsten and wound in a coil shape. The

internal lead wires 204 are used to connect both ends of

the heating element 240 to the metal £foil sheets 205. Asg



by the internal |ead wires 204 on both sides, thereby secured stably. At
this time, the center axis of the «coil-shaped heating el enment 240 is

di sposed so as to be substantially coaxial with the center axis of the
cylindrical glass tube 201. As shown in FIGS. 22 and 23, the external |ead
wires 206 are connected to the netal foil sheets 205 on both sides
respectively. Wien a voltage is appliedgcross the external |lead wires 206
taken out fromboth sides, a current flows through the heating el ement 240,

and heat genesates ,from theabealg gl @henent 4240 HWe Dgcteitdiel 1§ esi st ance of
the heating el enent 240 corresponding to the current. At this tine,

infrared raysnméeted tbethémam ahefobtadhagtel 2oprin@40.11 PadtpfapeeflyFI G 24
is a graph of the distribution curve 270 of the intensity of the infrared
rays emttagy fhemihheiheali bgae enerds 24040bnt e tinf saged ,r ayhdagpyshown
in FIG 23. Part (b) of FIG 24 is a cross-sectional view show ng the
portion hawéegutbea hkeatbhyg. el etenthiz4 @ iofe f hehei rferaread aay sl amp ghown in
FIG 23. The x and y axes shown in the parts (a) and (b) of FIG 24 are
ort hogonal ca&bhdrdhmates] dxest dbngaepleares: pez pentlscdliapdx=d hec axkako @ier ecti on
of the heating element 240 shown in FIG 23. In the parts (a) and (b) of
FIG 24, threubstghnitiGlcorrespends. -wOtht bheheesdrderaaxiss odf e heating
el enent 240. In the graph of the part (a) of FIG 24, the values in the
radi al cylindrical glass tube 201. :

As shown in FIGS. 22 and 23, the external lead

( wires 206 are connected to the metal foil sheets 205 on
both sides respectively. When avoltage is applied across
the external lead wires 206 taken out from both sides, a
current f£lows through the heating element 240, and heat
generates from the heating element 240 owing to the
resistance of the heating element 240 corresponding to the
current. At this time, infrared rays are emitted from the
heating element 240.

Part (a) of FIG. 24 is a graph of the distribution
curve 270 of the intensify of the infrared rays emitted
from the heating element 240 of the infrared ray lamp shown
in FIG. 23. Part (b) of FIG. 24 is a cross-sectional view
showing the portion having the heating element 240 ¢f the
infrared ray lamp shown in FIG. 23. The x and y axes shown
in the parts (a) and (b) of FIG. 24 are orthogonal
coordinate axes on a plane perpendicular to the axial

direction of the heating element 240 shown in FIG. 23. 1In

the parts (a) and (b} of FIG. 24, the origin 0 corresponds



directions designate the emssion intensity of the infrared rays, and the
values in the circunferential directions designate angles with respect to
the center axis on the plane perpendicular to the axial direction of the
heati ng el enent 240. These angl es are designated by angles fromthe
positive direction of the x axis. When a constant voltage was applied to the
heating el ement 240, the anmount of the iqwfrared rays reaching a mnute area
at a constant distance fromthe center axis (represented by the origin 0 of
FI G 24) ofto the dwatkergarl enehtt 240 ewdsi me @siamesn t vihey ebyTl h Hehe igitaestsi ty
di stribution curve 270 was obtained. As indicated by the intensity
di stributi @f ditevepa?®0 (ian) th€ paAG. (B3, othEl Galdest he itfg arediray | anp
240 emts infrared rays in all directions at substantially simlar
intensity. dihiect esukt defgiogméhe ftéct ¢masstioe imbssssest ichathsehape of the
heating el enent 240 is substantially symretrical with respect to its axis
and has aicifircated shape asndhtwe ivelhespamt g oflrEu@f<2denByatlhe
equal ly distributed infrared rays emtted in all directions at
substanti aldiyresitibas idesihgpayeasnaessr wheth aboveechedto itthe r apsiidx ed
fromthe heating elenent 240 to the outside and used to heat the outside
and t he sumrcundimddie pli@ne Iperhenddmiehar ohalthafanied dayekdafpstafict ured
as descri bed above, in the case when it is desired to give

the heating element 240. These angles are designated by

angles from the positive direction of the x axis.

( When a constant voltage was applied to the

heating element 240, the amount of the infrared rays
reaching a minute area at a constant distance from the
center axis (represented by the origin 0 of FIG. 24) of
the heating element 240 was measured, wheréby the
intensity distribution curve 270 was obtained.

As indicated by the intensity distribution curve
270 in the'part (a) of FIG. 24, the infrared ray lamp 240
emits infrared rays in all directions at substantially
similar intensity. This results from the fact that the
cross-sectional shape of the heating element 240 is
substantially symmétrical with respect to its axis and has
a circular shape as shown in the part (b) of FIG. 24.

By the equally distributed infrared rays emitted
in all directions at substantially similar intensity as
described above, heat is transmitted from the heating

alement 240 to the outside and used to heat the outside

and the surrcoundings.



directivity to the emssion intensity of the infrared rays, a structure is
known wherein an infrared ray reflection plate is installed outside the
infrared ray lanp for exanple. FIG 25 is a perspective view showi ng an
exanple wherein an infrared ray reflection plate 280 is provided for the
conventional infrared ray |anp and showi ng the positional relationship
between the infrared ray lanp and the ijpfrared ray reflection plate 280.
The infrared ray reflection plate 280 has a sem -cylindrical shape and is
di sposed coaxially w th the dwatréngiehemenh £24Q D ray L ampssit +ourd tde hal f

of the heating element 240. Part (a) of FIG 26 is a graph of the
di stributiofs Cesuveiddl abotvhe, iint emsi by saf whise iinf 1ar adsiaysi e tieck from
the infrared ray |anp having the infrared ray reflection plate 280. Part
(b) of FIG d26ekcsiaicrpse tBecdmbaak oni eavtshewitygo £heh pdmtimnrdawangst he
heating elenent 240 of the infrared ray |anp having the infrared ray
reflection al ateuz&hrshave kmokhGwh2h e fMheax aAmfAryreakesayshoanl epttilen parts
(a) and (b) of FIG 26 are orthogonal coordinate axes on a plane
per pendi cul alate tilee iaxsablleid entiohdef thize ielat angdelraryerta@dO0Eskown in
FIG 25. The direction opposed to the reflection face of the infrared ray
reflection pkatn@l280 is defined as the negative - 11 direction of the Xx
axis. In the parts (a) and (b) of FIG 26, the origin O corresponds to the
center axis of the FIG. 25 is a perspective view showing an example
wherein an infrared ray reflection plate 280 is provided
for the conventional infrared ray lamp and showing the -
positional relationship between the infrared ray lamp and
the infrared ray reflection plate 280. The infrared ray
reflection plate 280 has a semi-cylindrical shape and is
disposed coaxially with the heating element 240 so as to
surround the half of the heating element 240.

Part (a) of FIG. 26 is a graph of the distribution
curve 271 of the intensity of the infrared rays emitted
from the infrared ray lamp having the infrared ray
reflection plate 280. Part (b)) of FIG. 26 is a cross-
sectional view showing the portion having the heating
element 240 of the infrared ray lamp having the infrared
ray reflection plate 280 shown in FIG. 25. The x and y
axes shown in the parts (a) and (b) of FIG. 26 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 240 shown in FIG. 25. The

direction opposed to the reflection face of the infrared

ray reflection plate 280 is defined as the negative



heating el ement 240. In the graph of the part (a) of FIG 26, the values in
the radial directions represented the emssion intensity of the infrared
rays, and the values in the circunferential directions represented angles
with respect to the center axis on the plane perpendicular to the axial
direction of the heating element 240. These angles are designated by angles
fromthe positive direction of the x ax{s._In the part (a) of FIG 26, the
concentric gradations indicating the emssion intensity have the sane

val ues of Hhe@wadat iPnssdowastnst herRathe 2 +af (Lheaaloysymert Feaed FI G
24. In addition, the nethod of neasuring the em ssion intensity is the sane

as that instherasersfonwn d ncéheepddndf) t 6f thleGeddt e hS aiaWo F N hie part
(a) of FIG 26, by providing the infrared ray reflection plate 280,

infrared raystarngy eaMMded 2abensehytpsl yrapnose shdepaf-tt ha )i Bfrared ray
| anp, wth the positive direction of the x axis used as the center As

described alovend vdhgegonverticoneddiafir anedct Bynkamppridsdstbadigat ed
that the em ssion of the infrared rays has isotropic intensity distribution
in all diregtisison Fofi t Bhiss feaspntheniardeird® ghye diameCiting tyaltes
infrared ray emssion, it is necessary to provide the infrared ray
refl ectionipl ahe ©ltsune etren t Nhllad Edetay onsl2 epdadPn tHaven gl e st ke tihnf r ar ed
ray reflectivity of the
respect to the center axis on the plane perpendicular to
the axial direction of the heating element 240. These
[ angles are designated by angles from the positive
direction of the x axis. In the part (a) of FIG. 26, the
concentric gradations indicating the emission intensity
have the same values of the gradations shown in the part
({a) of the above-mentioned FIG. 24. In addition, the
method of measuring the emission intensity is the same as
that in the case shown in the part (a) of FIG. 24.
As shown in the part (a) of FIG. 26, by providing
the infrared ray reflection plate 280, infrared rays are
emitted intensely only onone side of the infrared ray lamp,
with thé positive direction of the x axis used as the
center.
As described above, in the conventional infrared
ray lamp, it is indicated that the emission of the infrared
rays has isotropic intensity distribution in all
directions. For this reascon, inorder to give directivity

to infrared ray emission, it is necessary to provide the

infrared ray reflection plate outside the infrared ray



infrared ray reflection plate is apt to be | owered because of aging and the
adhesion of stains. As a result, the intensity distribution of the infrared
ray em ssion becones different with the direction of the em ssion.
Furthernore, as the infrared ray reflectivity |owers, the anount of the
infrared rays absorbed by the reflection plate itself increases. If this

ki nd of heating apparatus is used for glong tinme, em ssion efficiency

| owers, and unexpected parts will be overheated. Furthernore, the eni ssion
intensity Ildingtri bution obtained by providing the sem-cylindrical infrared
ray reflection plate for the infrared ray |anp having the above-nentioned

i sotropic em ssion irHensvey, ditst ribfithors mawlteflieedctivinsy i 6f the
substantially the same in a wide range on one side in general as shown in
the part (afmdrédGapbefbecthion péatenisiaptheo conventdondlbetaticared ray
| anp, an attenpt to increase the emssion intensity in ,a nore limted
range and tof derimasentihehé naédhsistiyori o Dt eainangedd ma ordenltto efrthance
directivity is difficult. As a result, in the case when the conventi onal
heati ng appartainusity déedfoputooal iZedthdeab frgrader pyobmém=ofoh ow heati ng
efficiency occurs. DI SCLOSURE OF I NVENTION - 13 The present invention is

i nt ended t ®desiwest Aé L fahoaet neatihoridte ptbbeetd cand Al Ebei rivdrmkedoto prOV|de

a highly reliable infrared ray | anp wherein its power
Furthermore, as the infrared ray reflectivity lowers, the

amount of the infrared rays absorbed by the reflecticn
plate itself increases. If this kind of heating apparatus
is used for a long time, emission efficiency lowers, and
unexpected parts will be overheated.

Furthermore, the emission intensity
distribution obtained by providing the semi-cylindrical
infrared ray reflection plate for the infrared ray lamp
having the above-mentioned isotropic emission intensity
distributions in all directions is substantially the same
in a wide range on one side in general as shown in the part
(a) of FIG. 26. For this reason, in the conventional
infrared ray lamp, an attempt to increaée the emission
intensity in a more limited range and to decrease the
intensity in other ranges in order to enhance directivity
is difficult. As a result, in the case when the
conventional heating apparatus is used for localized

heating, the problem of low heating efficiencvy occurs.

DISCLOSURE OF INVENTION



consunpti on does not increase during use for a long tinme and its heating
portions are prevented fromfusing and breaking after use for a long tine.
The present invention is further intended to make the effect of the
reduction of the reflectivity of an infrared ray reflection plate on the
directional distribution of the emssion intensity of infrared rays |ower
than that of the conventional infraredjgay |anp, and to nmake the
directivity of the emssion intensity of infrared rays higher than that of
t he conventional infrahedpiaydmtpindastpoasest intvmedédotopsodivies e
infrared ray lanp and a heating apparatus wherein the em ssion intensity of
infrared rappvdaseditrieata @i pyobilidhoutanudi asanynrefdded | on prate,deand al so
provi des a nmethod of producing the infrared ray lanp. An infrared ray |anp
i n accor dandeyhiiy hreld atpresent rnanwehttop camy iwesredn ligastpowerheati ng
el ement having a substantially plate shape, having recessed portions in the
vi cini ti es cafnsdothténds ddwes aod t ahdclreased dafrion g cas bofiebasetlosgb stiane e,
heat-em tti ng bl ocks havi ng good conductivity to which both end portions of
the heati ngrel enest hard ingsprired ansl doadedeverdedatfsiont eiesisgbsiahce of
an adhesive fornmed and sintered on the insertion and bonding faces of the
heating elberritibgnadétetrouthel heaa -lamg ttiime bl dtks ptesdrtrisgvention
is further intended to make the effect of the reduction
of the reflectivity of an infrared ray reflection plate
on the directiocnal distribution of the emission intensity
of infrared rays lower than that of the conventional
infrared ray lamp, and to make the directivity of the
emission intensity of infrared rays higher than that of
the conventional infrared ray lamp. The present
invention provides an infrared ray lamp and a heating
apparatus wherein the emission intensity of infrared rays
has directivity without using any reflection plate, and
also provides a method of producing the infrared ray lamp.

An infrared ray lamp in accordance with the
present invention comprises:

at least one heating element having a
substantially plate shape, having recessed portions in the
vicinities of both ends thereof and formed of a
carbon-based substance,

heat-emitting blocks having good conductivity

to which both end portions of the heating element are

inserted and bonded.



in the vicinities of both end portions of the heating elenent including the
recessed portions thereof, a glass tube in which the heating el enent, the
sintered substance of the adhesive and the heat-emtting blocks are
hernmetically sealed together with an inert gas, and |lead wires electrically
connected to the heat-emtting blocks, the end portions of which are |ed
out of the glass, tube. Wth this structure, in the infrared ray |lanp, the
recessed portions are provided in the vicinities of both ends of the

carbon-based substancg disetle a8t Babhaaliddy o £l £AeAlineadnd, d o Aheasaalq t he
contact with the heat- emtting bl ocks via the carbon-based adhesive are

i ncreased, gwhalehyd tdie thesisitsancei oh 4ie ol el £adeheo Frggdapsatheat i ng
due to the resistance of the contact can be restricted, and the

t enper at ur @3 e d h > dR@IAWE 6 - hé 1Nsd &t | 8k @ iPOY 1 105Gk 8ta Bote erdlg pertd ons
can be prevented frombecomng locally high. As a result, according to the

present i nyentdipd, viting tpessi frebben prvepbrthedeass wine imsdelhation
portions fromfusing and breaking owing to the tenperature rise at the

portions . elldneaddi Lthenndimgethbe reeecessedl portiionss i theheosicinities - 15
of both ends of the heating elenent are filled with the carbon-based
adhesi ve, the fitting orldeadtunpebenwednd dthehdaathndne elmnierand the
heat-em tti ng bl ocks becones
sintered substance of the adhesive and the heat-emitting
blocks are hermetically sealed together with an inert gas,
( and

lead wires electrically connected to the
heat-emitting blocks, the end portions of which are led
out of the glass tube.

With this structure, in the infrared ray lamp,
the recessed porfions are provided in the vicinities of
both ends of the carbon-based substance used as the heating
element, and the areas of the contact with the heat-
emitting blocks via the carbon-based adhesive are
increased, whereby the resistance of the contact can be
reduged, heating due to the resistance of the contact can
be restricted, and the temperatures of the lead wire
installation portions at both end portions can be
prevented from becoming locally high. As a result,
according to the present invention, it is possible to
prevent the lead wire installation portions from fusing

and breaking owing to the temperature rise at the portions.

In addition, since the recessed porticns in the vicinities



closer, and the strength of the bonding is enhanced. As a result, in the
infrared ray |anp of the present invention, stress due to heat can be
absor bed, and abnormal heating can be prevented. An infrared ray |lanp from
anot her viewpoint in accordance with the present invention conprises: at

| east one heating el enent having a substantially plate shape, having
recessed portions in the vicinities of oth ends thereof and forned of a
car bon- based substance, heat-emtting b}ocks havi ng good conductivity and

each split 4igntQ dA0 PEECET thel et WiigCh 1ot &y £nd repariti QNS v@ithh%n@eatl ng
el enent are sandw ched, a sintered substance of an adhesi ve fornmed and

sintered 0&atﬂiﬁmn§§rs@doaamchbp@dlﬁ}gefﬂ:@ﬁlﬁa P& Heat hBohe elveBNE: Honded
to the heat-emtting blocks at the regions in the vicinities of both end

portions of,edldiei dgabiiehert! eARAL tihRCIHKH PYefih® HiBLHSEEHcRAr tHsmb Bereof , a
gl ass tube in which the heating elenment, the sintered substance of the

adhesi ve apd dder heafaeghbt sm&ert@}mkcsfatﬁehsramtﬂrcgﬂlgf Sodhedetiogeter with
an inert gas, and lead wires electrically connected to the 16

heat - emi t t iange Bhacksintihee antk Por & ionsy Afanhbeht Beept @keAt Durshdeoiche gl ass
tube. Wth this structure, in the infrared ray | anp,
stress due to heat can be absorbed, and abnormal heating
can be prevented.
An infrared ray lamp from another viewpoint in
{ accordance with the present invention comprises:

at least one heating element having a
substantially plate shape, having recessed portions in the
vicinities of both ends thereof and formed of a
carbon-based substance,

heat-emitting blocks having good conductivity
and each split into two pieces, between which both end
portions of the heating element are sandwiched,

a sintered substance of an adhesive formed and
sintered on the insertion and bonding faces of the heating
element bonded to the heat-emitting blocks at the regions
in the vicinities of both end porticons of the heating
element including tﬁe recessed portions thereof,

a glass tube in which the heating elemsnt, the
sintered substance of the adhesive and the heat-emitting
blocks are hermetically sealed together with an inert gas,

and

lead wires electrically connected to the



the heating elenent is bonded to the heat-emtting bl ocks by pressure
contact; then, since accurate disposition at predeterm ned positions for
fitting is not required, assenbly work can be carried out easily, and the
cost of production can be reduced significantly. Method of producing an
infrared ray lanp in accordance with the present invention conprises: a
step of form ng recessed portions in §h§ vicinities of both ends of at

| east one heating elenment having a subs?antially pl at e shape and fornmed of

a carbon- hased- sHREtANL b1 SEEP O A Wt fohiayisdyadheskye kaned of a
car bon- based organi c substance to the regions in the vicinities of both

ends of the,heaigagtealeenprisinelb@ ng the recessed portions thereof, a step
of inserting and bondi ng both end portions of the heating elenment to the

end portions of heat-githt kRds Rltaaksthayi ngngead GonrdueteNi £XybY s g the
adhesive, a step of drying and firing the heat-emtting blocks and the

heating el et onded & Degaah 9khBbndd t cat BkeRedft <A@l t B9nhe 1heAt & ng
el enent and the heat-emtting bl ocks inside the glass tube together with an

inert gas, wAgedséakiengohhaend 4105k | onsnoeé dbeukeatk Iispbees idrecifically
connected to the heat-emitting blocks outside the glass tube. Wth these
steps, the prddatedmiayed aupshasohisghfor fitting is not required,
assembly work can be carried out easily, and the cost of
production can be reduced significantly.
{ Method of producing an infrared ray lamp in
accordance with the present invention comprises:

a step of forming recessed portions in the
vicinities of both ends of at least one heating element
having a substantially plate shape and formed of a
carbon-based substance,

a.step of applying a liguid adhesive formed of
a carbon-based organic substance to the regions in the
vicinities of both ends of the heating element including
the recessed portions thereof,

a step of inserting and bonding bothend portions
of the heating element to the end portions of heat-emitting
blocks having goed conductivity by using the adhesive,

a step of drying and firing the heat-emitting
blocks and the heating element bonded to each other, and

a step of sealing the heating element and the

heat-emitting blocks inside the glass tube together with

an inert gas, and of taking the end portions of the lead



reliability by not raising its power consunption abnormally during use for
a long tine and by preventing its heating portions fromfusing and breaki ng
after use for along tinme. An infrared ray |lanp from another viewpoint in
accordance with the present invention conprises: a heating el enent having a
substantially plate shape, the width of which is larger than its thickness
by five tinmes or nore, a glass tube in i.ch the heating elenent is
hernmetically seal ed, and two el ectrodes enbedded at both end portions of

the gl ass tihessed peERirGad V1 ¢ wvert ed 0 tBot AeeRds tofert et 1 Heabii g ed enent
respectively and also electrically connected to an external electric

circuit. WdJdrsbhas sheicduiges th@eem ssion intensity of the infrared ray
| anp becones a maxi mum value in the thickness direction of the heating

el ement and becones weghi ghbky skabpls | RheoNAEHaSd Wah 16he e mMugal ue
in the width direction. A heating apparatus in accordance with the present

invention cepLabesity hept hog elmeidghavsngowstibsbasuimpld dopl ate - 18

shape, the width of which is larger than its thickness by five tinmes or

nmore, a gl agsnéuhalily whichnyheskedtirng dl@@nt ime® and by preventing
its heating portions from fusing and breaking after use
for a long time.

An infrared ray lamp from another viewpoint in

L accordance with the present invention comprises:

a heating element having a substantially plate
shape, the width of which is larger than its thickness by
five times or more,

| a glass tube in which the heating element is
hermetically sealed, and

two electrodes eﬁbedded at both end portions of
the glass tube, electrically connected to both ends of the
heating element respectively and also electrically
connected to an external electric circuit.

With this structure, the emission intensity of
the infrared ray lamp becomes a maximum value in the
thickness direction of the heating element and becomes
negligibly small in comparison with the maximum wvalue in
the width direction.

A heating apparatus in accecrdance with the
present invention comprises:

a heating element having a substantially plate



hernetically seal ed, and two el ectrodes enbedded at both end portions of

the glass tube, electrically connected to both ends of the heating el enent
respectively and also electrically connected to an external electric
circuit. Wth this structure, the emssion intensity of the infrared ray

| anp in the heating apparatus beconmes a maxi numvalue in the thickness
direction of the heating elenment and bgcomes negligibly snmall in conparison
with the maxi numvalue in the width direction, thereby having directivity.

A net hod ofpppedudineg A twfdanadti ¢ayisamprieemnanotifey tH e¥RALRLs @fy the
present invention conprom ses: a step of formng a glass tube by formng

gl ass integigesubsiadt bal yprey) i ndrical shape, a step of hernetically
sealing a substantially plate heating elenment, the width of which is |arger

than its thickness by Jiyéest ti®® GIn Mhechi RHNhehghasnd Weement hag t he
center line of the heating elenment in the |ongitudinal direction thereof is
subst ant i ahkymneaaxd &1 1 yWstela tdve, centier axi s of the glass tube, and a step of
forming areflection filmfor reflecting infrared rays into a substantially
sem - 19 cylindricalwshdpeconotibe exberdthd faace ofh tdred qyd i+ adkingalo £ shape
of the glass tube so as to substantially include the range of the
di sposi ti orhef glLhe sheabienge@keemantcahlyyheonnected to both ends of the
heating element respectively and also electrically
connected to an external electric circuit.
( With this structure, the emission intensity of
the infrared ray lamp in the heating apparatus becomes a
maximum wvalue in the thickness direction of the heating
element and becomes negligibly small in comparison with
the maximum value in the width direction, thereby having
directivity.
A method of producing an infrared ray lamp from
another viewpoint of the present invention compromises:
a step of forming a glass tube by forming glass
into a substantially cylindrical shape,
a step of hermetically sealing a substantially
plate heating element, the width of which 1s larger than
its thickness by five times or more, in the glass tube so0
that the center line of the heating element in the
longitudinal direction thereof is substantially coaxial
with the center axis of the glass tube, and

a step of forming a reflection film for

reflecting infrared rays into a substantially semi-



axial direction thereof. Wth this structure, the sem -cylindrical
reflection filmcan be fornmed easily by using the cylindrical shape of the
gl ass tube. A nethod of producing an infrared ray lanp from still another

vi ewpoi nt of the present invention conprom ses: a step of formng a gl ass
tube by formng glass into a substantially cylindrical shape, a step of
formng a reflection filmfor reflecgiT? infrared rays into a predeterm ned
substantially sem -cylindrical shape on"the external face or the internal

face of the oyl jadibeal shgRe oQf thRCel@dithal %e%p@lé@ﬁagkéaﬁsi ng a

substantiall'y plate heatifng elenent, the wdth of which arger than its

thickness hy, fiy £ itIRS QA IP&HSG A QobsubRYUAed: 1 Dy 1 he1a¥2k HANge
wherein the reflection filmis disposed, and of hernetically sealing the

heating el engije i H8i 4@l @is@bgﬁ%iwb%fv\%ha h?astﬁrﬁﬁﬁugﬁ.ﬁfn%nﬁ% the

sem-cylindrical reflection filmcan be fornmed easily even on the internal
face of the,glassatvbe oSt RErkle cylindrical shape of - 20 - the glass

tube. Wiile the novel features of the invention are set forth particularly

in the appended clai ngithh@his structure, the semi-cylindrical
reflection film can be formed easily by using the
cylindrical shape of the glass tube.

A method of producing an infrared ray lamp from

o gtill another viewpoint o©of the present invention
compromises:

a step of forming a glass tube by forming glass
into a substantially cylindrical shape,

a step of forming a reflection film for
reflecting infrared rays into a predetermined
substantially semi-cylindrical shape on the external face
or the internal face of the c¢ylindrical shape of the glass
tube, and

a step of disposing a substantially plate
heating element, the width of which is larger than its
thickness by five times or more, so as to be included in
the axilal range wherein the reflection £ilm is disposed,
and of hermetically sealing the heating element inside the
glass tube.

With this structure, the semi-c¢ylindrical

reflection film can be formed easily even on the internal

face of the glass tube by using the cylindrical shape of



invention, both as to organization and content, will be better understood
and appreciated, along with other objects and features thereof, fromthe
followi ng detailed description taken in conjunction with the draw ngs.

BRI EF DESCRI PTION OF DRAWNGS FIG 1 is a front view show ng the structure
of the lead wire taking-out portion of an infrared ray lanp in accordance
with a first enbodi ment of the present ,jnvention; FIG 2 is a partially
magni fi ed view showi ng the connection portion of the heating el enent and
the heat - emet tg s bl @cloedf the infrared ray |anp shown in FIG 1; FIG 3
is a partially magnified view show ng the connection portion of the heating

el ement and the heatwtenietitag bloookl of eamuindfd as £dthay ilndrgn Payinng @not her
structure in accordance with the first enbodi nent of the present invention;

FIG 4 is geparfid othypamgiidi Bdrvivewns howe ngppke d€@nseatiim@n peréi on of the
heating el ement and the heat-emtting block of an infrared ray |anp having

still anotiheferst {6ifit Ube tilN aAC Ctos dangenWizidt 1de AhASktoerdendt ment 11 e - of
the present invention; FIG 5 is a front view show ng the structure of the

| ead wire bakitige owhdpardtticod odndnaippfres edtedy, |lapngi ridecawthiapee with. a
second enbodi nent of the present
objects and features thereof, from the following detailed

description taken in conjunction with the drawings.

( BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a front view showing the structure of
the lead wire taking-out portion of an infrared ray lamp
in accordance with a first embodiment of the present
invention;

FIG. 2 is a partially magnified view showling the
connection portion of the heating element and the
heat-emitting block of the infrared ray lamp shown in FIG.
1;

FIG. 3 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having another
structure in accordance with the first embodiment of the
present invention;

FIG. 4 is a partiallg{ magnified view showing the
cannection portion ¢f the heating element and the
heat-emitting block of an infrared ray lamp having still

another structure in accordance with the first embodiment



invention; FIG 6 is a partially magnified view showi ng the connection
portion of the heating elenent and the heat-emtting block of the infrared
ray lanmp shown in FIG 5; FIG 7 is a partially magnified view showi ng the
connection portion of the heating elenent and the heat-emtting block of an
infrared ray |anp having another structure in accordance with the second
enbodinent; FIG 8 is a partially nmagni fzileq vi ew show ng the connection
portion of the heating elenment and the “heat-emtting block of an infrared

ray |lanp hayinghatiddes@net hakexdugd ure in accordance with the second
enbodi nent; part (&) of FIG 9 is a plan view showng an infrared ray |anp

in accordance with a thig.dseqodi FEBLt Ofi & HYEELY! £ hBVERLL@R Y ANG, Part
(b) of FIG 9 is a front viewthereof; FIG 10 is a perspective view

showi ng therhinfeapediray ﬂm@noaec%b%&% W # hart hfnffhfédeaﬁta%dilrﬁzﬁ of
the present invention; part (a) of FlI 11 is a graph showi ng the -22Z-

di stributiopcHr¥® Hadde WALENS tye®bnbiherydd anedtr ays trpéﬂ&%egefnrtom the
heati ng el enent of the third enbodi nent, and part (b) of FI 11 shows the

cross sectippyvehttiley; central portion of the infrared ray lanmp of the third

FIG. 6 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of the infrared ray lamp shown in FIG.

( 5;

FIG. 7 is a partially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having another
structure in accordance with the second embodiment;

FIG. 8 is a pa'rtially magnified view showing the
connection portion of the heating element and the
heat-emitting block of an infrared ray lamp having still
another structure in accordance with the second
embodiment ;

part (a) of FIG. 9 is a plan view showing an
infrared ray lamp in accordance with a third embodiment
of the present invention, and part (b) of FIG. Sjj;a front
view thereof;

FIG. 10 is a perspective view showing the
infrared ray lamp in accordance with the third embodiment
of the present invention;

part (a) of FIG. 11 is a graph showing the



enbodi nent; part (a) of FIG 12 is a plan view showng an infrared ray |anp
in accordance with a fourth enbodi nent of the present invention, and part
(b) of FIG 12 is a front view thereof; FIG 13 is a perspective view
showing the infrared ray |lanmp in accordance with the fourth enbodi nent of
the present invention; part (a) of FIG 14 is a graph show ng the
distribution curve of the intensity of e infrared rays emtted fromthe
infrared ray | anp of the fourth enbodi nent, and part (b) of FIG 14 shows

the cross gL etibhecuel I DRELLRReAk ithe d Ofas e £ A% e Lf g t he
fourth enbodinent; part (a) of FIG 15 is a plan view show ng an Infrared

ray |anmp i gracoosdanesmWhd webdthinly enhodiaerds wofe tter Pa asenb gipwent i on,
and part (b) of FIG 12 is a front view thereof; FIG 16 is a perspective

vi ew show ngd eartnibar et raycl.ann i shawsortancer ¥k th sthe: 44 t hremhpdi ment
of the present invention; part (a) of FIG 17 is a graph showing the - 23

distributi Qamurye ?Br&:tlebri nd ensitey i ftheeanfiay edamaysr erRdt edifdom the
infrared ray lanp of the fifth enbodinment, and part (b) of FIG 17 shows
the cross sgd®mmehtt:he central portion of the infrared ray |anp of the
fifth

part (a) of FIG. 12 is a plan view showing an
infrared ray lamp in accordance with a fourth embodiment
of the present invention, and part (b)) of FIG. 12 is a front

- view thereof;

FIG. 13 is a perspective view showing the
infrared ray lamp in accordance with the fourth embodiment
of the present invention;:

part {(a) of FIG. 14 is a graph showing the
distribution curve of the intensity of the infrared rays
emitted from the infrared ray lamp of the fourth embodiment,
and part (b} of FIG. 14 shows the cross section of the
central portion of the infrared ray lamp of the fourth
embodiment;

part (a) of FIG. 15 is a plan view showing an
infrared ray lamp in accordance with a fifth embodiment
of the present invention, and part (b) of FIG. 12 is a front
view thereof;

FIG. 16 is a perspective view sho@ing the
infrared ray lamp in accordance with the fifth embodiment
of the present invention;

part (a) of ¥iG. 17 is a graph showing the



enbodi nent; FIG 18 is a perspective view show ng the positional

rel ati onship between the infrared ray lanp and the infrared ray reflection
pl ate of a heating apparatus in accordance with a sixth enbodi ment of the
present invention; FIG 19 is a perspective view showi ng the positional

rel ati onship between the infrared ray lanp and the infrared ray reflection
plate of a heating apparatus in acco;d?gcg with a seventh enbodi nent of the
present invention; FIG 20 is a partial view showing the structure of the

lead wire tgakdi@reut iper cuaivofo 8 oaventkasalty off taled d@yala@PraklG 21
is a partial view showing the structure of the |ead wire taking-out portion

of a converfiangdd fimd anted iha&y d P rehenamd & Ro: e &t fgh ey edi seare seal ed
in a glass tube; FIG 22 is a plan view showi ng a conventional infrared ray

| anp; FI G a3 ipaatpebypesct i Vecvi aw Hrowwagthhe creiwesttondn i ofraned ray
| anp; - 24 part (a) of FIG 24 is a graph show ng the distribution curve
of the intengitdyadf pble iioH r &F ed hieayis £ eatéedafyr dadkpheocfeatinor eFepent of
the conventional infrared ray |lanp, and part (b) of FIG 24 shows the cross
' embodiment;
FIG. 18 is a perspective view showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate of a heating apparatus
{ in accordance with a sixth embodiment of the present
invention;
FIG. 19 is a perspective view showing the
positional relationship between the infrared ray lamp and
the infrared ray reflection plate of a heating apparatus
in accordance with a seventh embodiment of the present
invention;
FIG. 20 is a partial view showing the structure
of the lead wire taking—out portion of a conventional
infrared ray lamp;
FIG. 21 is a partial view showing the structure
of the lead wire taking-out peortion of a conventional
infrared ray lamp wherein two heating elements are sealed
in a glass tube:
FIG. 22 is a plan view showing a conventional
infrared ray lamp;
| FIG. 23 is a perspective view showing the

conventional infrared ray lamp;



section of the central portion of the infrared ray lanp shown in FIG 23;
FIG 25 is a perspective view show ng the positional relationship between
the infrared ray reflection plate and the infrared ray lanp in the
conventional infrared ray lanp; and part (a) of FIG 26 is a graph show ng
the distribution curve of the intensity of the infrared rays emtted from
the conventional infrared ray |anp prgv%Qeq with an infrared ray reflection
plate shown in FIG 25, and part (b) of 'FIG 26 shows the cross section of

the central portion gfr-thednfygaredgray.d amp ghgwag Fh&Geiddy thew |1 be
recogni zed that sone or all of the Figures are Schématic representations

for purposes, Ofribhkushl aliofe afd €Q=nNoh tBRGASSAId# L 1iepi §Erhhe At
rel ative sizes or |locations of the el ements shown. BEST MODE FOR RRY! NG

OUT THE | NVRNH €\ Prefosr rede erbediiment §18heat id¥ rened o d@fRonand an
infrared heating apparatus in accordance with the present invention will be

described helovareferaiyntaihp .t Bad eI bRIFdGaVLA0Shod® tHd Brcds
enbodinment)) FIG 1 is a front view showing the structure of an infrared

ray |anmp i nascosdapee tiid eentthst ppothmest +pk Lhe iesantaiynvients on,
and shows the structure of the I|ead wre taking-out portions of the
infrared rahdwdPin FIG. 23;
¥FIG. 25 is a perspective view showing the
positional relationship between the infrared ray
{ reflection plate and the infrared ray lamp in the
conventional infrared ray lamp; and
part (a) of FIG. 26 is a graph showing the
distribution cufve of the intensity of the infrared rays
emitted from the conventional infrared ray lamp provided
with an infrared ray reflection plate shown iﬁ FIG. 25,
and part (b) of_FIG. 26 shows the cross section of the
_central portion of the infrared ray lamp shown in FIG. 25.
It will be recognized that some or all of the
Figures are schematic representations for‘purposes of
illustration and do not necessarily depict the actual

relative sizes or locations of the elements shown.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of an infrared ray lamp
and an infrared heating apparatus in accordance with the
present invention will be described below referring to the

accompanying drawings.



FIG 1 shows both end portions of the infrared ray lanp of the first

enbodi nent. Since its central portion has a continuous structure connecting
both end portions, the central portion is not showmn. As shown in FIG 1, in
the infrared ray lanp of the first enbodinent, a heating el enent 2,
heat-emtting blocks 3 and internal lead wires 4 are sealed in a glass

tube 1. The internal lead wire 4 is can%pLed to an external lead wire 8
via a nol ybdenum foil sheet 7. The plate heating elenment 2 sealed in the

gl ass tube 1 ifs if0f Fednpefaian&@F pon- based substance consisting of a mixture
of crystallized carbon such as graphite, a resistance val ue adjustnent

subst ance and anor phowg @.arnbar. aThirs nheatiidwy siedwiRgt tBehasradqdate shape
measuring 6 mMmin width, 0.5 mmin thickness and 300 mMmin length for

exanpl e. Thegn iheptaewid gyl AhpcknRdsSofanmed ofi ta aondueti yaveatiefd@t and
el ectrically connected to one end of the heating elenent 2 by a nethod

descri bed | @f efheApeeideporinwinbions hordethais ofige eptrattiie: idt armal | ead
wire 4, and a spring portion 6 having elasticity is formed follow ng the

coil portiopesd widfe t#Askshgwouitn grGidnst b€ eoid ipartapadsSrafy tihenp .
internal lead wire 4 is wound tightly on the outer peripheral face of the
heat - em tti pgGbl aclsiHwo asthoehé pelrectohsabfy thennect ear&hetatyo.1 abe
spring portion 6 of the internal lead wire 4 is disposed away fromthe
out er of the first embodiment. Since its central portion has a
continuous structure connecting both end portions, the
,( central portion is not shown.
| As shown in FIG. 1, in the infrared ray lamp of
the first embodiment, a heating element 2, heat-emitting
blocks 3 and internal lead wires 4 are sealed in a glass
tube 1. The internal lead wire 4 is connected to an
external lead wire B via a molybdenum foil sheet 7. The
plate heating element 2 sealed in the glass tube 1 is formed
of a carbon-based substance consisting of a mixture of
crystallized carbon such as graphite, a resistance value
adjustment substance and amorplicus carbon. This heating
element 2 has a plate shape measuring 6 mm in width, 0.5
mm in thickness and 300 mm in length for example. The
heat-emitting block 3 is formed of a conductive material
and electrically connected to one end of the heating
element 2 by a method described later. A coil portion 5
is formed at one end of the internal lead wire 4, and a

spring portion 6 having elasticity is formed following the

coll portion 5.



peri pheral face of the heat-emitting block 3 by a predeterm ned distance
and is structured to expand and contract so that the di nensional change of
the heating elenment 2 due to its expansion can be cancel ed and absorbed.
At the sealing portion Ic of the infrared ray |lanp of the first enbodi nent,
the internal lead wire 4 inside the glass tube 1 is connected to one end of
the nolybdenum foil sheet 7, and the_pgﬂgr_end of the nol ybdenum foil sheet
7 is connected to the external lead wire 8. FIG 2 is a partially magnified

perspective view showisnghdenf it it condi than Lfi t heoheabing ¢Jement 2 and
the heat-emtting block 3 in accordance wth the firs enbodi ment shown in

FIG 1. As shewkndl Al&a2wids!itis3qdund oFMBHtaly the €edt shtefr one end
portion of the heat-emtting block 3. On the other hand, in the vicinity

of the end portiper a1 thecheaki RGLheBNleRit B 1GP M 22 3 axd efdipng Ha a
direction perpendicular to the insertion direction of the heating elenent 2

(in the dirgcbberidddigatgdnRy: e BH&PMbN FirGe Zhdind Yd®diofust her nore,
27 in the vicinity of the groove 2a of the heating elenent 2, an adhesive

9 is appliednheThatheatd Ng1ekankitre? 4f argTRd s dls & Ri SwAGY FirSab tHHEC tdli €8-S0
that it is inserted into the slit 3a of the heat-emtting block 3 and
secured to paeliph@hel . face of the heat-emitting block 3 by a
predetermined distance and is structured to expand and
contract so that the dimensional change of the héating
{ ' element 2 due to its expansion can be canceled and
absorbed.

At the sealing portion lc 6f the infrared ray
lamp of the first embodiment, the internal lead wire 4
inside the glass tube 1 is connected to one end of the
molybdenum f£foil sheet 7, and the other end of the
molybdenum £oil sheet 7 is connected to the external lead
wire 8.

FIG. 2 is a partially magnified perspective view
showing the fitting condition of the heating element 2 and
the heat-emitting block 3 in accordance with the first
embodiment shown in FIG. 1. As shown ih FIG. 2, a slit
3Ja iLs formed at the center of one end portion of the
heat-emitting block 3. On the other'hand,:Ulthe'vicinity
of the end portion of the heating element 2, a groové 2a
extending in a direction perpendicular to the insartion

direction of the heating element 2 (in the direction

indicated by the arrow in FIG. 2) is formed. Furthermore,



The adhesive 9 applied to the heating elenment 2 is fornmed of a carbon-based
substance that is converted into a mxture of crystallized carbon such as
graphite and anorphous carbon when heated to a high tenperature. In the
first enbodiment, the heat-emitting block 3 is forned of graphite having
good conductivity. Furthernore, in the first enbodinent, the internal |ead
wre 4 is formed of a tungsten wire having a thermal expansion coefficient
approxi mately equal to that of carbon.’” K¥dwever, other metal wires, such as

ol ybdenum yi g ang AN Y B Efe JTY PE HSCdEa8:LNG 1T £ DAL gad i re 4,

if no problen1occurs resis ein mor i ng environ

ext er nal | fadaﬁl\"ar(ﬁ"x sléefgrl@%ﬁﬁlﬁegm y‘PH?,{ g %%Fxgicﬁl%met}let 'Zn ! ed(% ray

llanp of the™fiTst ‘enbodi nent close ted

via the adhesive, 9 eg LE s‘é&:ﬁ'c”c'&ﬁ/ 8fs$htehs§‘ﬁd19°{ 'Oﬁ‘s%te*&e%%tfcﬁt fieating

el enent 2 as deéscri |t|on e 00| ion

internal |ead, ‘g‘ E‘Fan‘olf' %h‘@o'ﬂ%ddtt '%ﬂi'th?x@ phi& heaty arfd ééhpgel&' QK e?ayc?ﬂ‘d

secured there heat i"ng el enent is electrical
connected tg %Pe |nternal Iead wire 4 via the adhesive 9 and the - 28
heat - enlttlng ock 3. Inthe internal lead wire 4, the end portion of the

spring portion 6, theqpwiendjditk g aaelhen 5 ofi i ch bl @f&@hﬁ&aalte@f?e%n@f the

coil portion 5, is electrically connected to the nolybdenuntfoil eet 7
which is enmbefdegl, i Re hher s€ald P90 ROLEISUY st tft 4 A8 HRSS is converted

into a mixture of crystallized carbon such as graphite and

( amorphous carbon when heated to a high temperature. In
the first embodiment, the heat-emitting block 3 is formed
of graphite having good conductivity. Furthermore, in
the first embodiment, the internal lead wire 4 is formed
of a tungsten wire having a thermal expansion coefficient
approximately equal to that of carbon. However, other
metal wires, such as molybdenum wire and titanium wire,
may be used as the internal lead wire 4 , 1f no problem occurs
in heat resistance in working environments. The external
lead wire 8 is formed of a molybdenum wire.

In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 is close-fitted via the adhesive
9 in the vicinity of the end porticon of the plate heating
element 2 as described above. In addition, the coil
portion 5 of the internal lead wire 4 is wound tightly on
the heat-emitting block 3 and secured thereto. In this
way, the heating element 2 is electrically connected to

the internal lead wire 4 via the adhesive 9 and the



tube 1. The other end of the nolybdenumfoil sheet 7 is also connected to
the external lead wire 8 inside the sealing portion lc. In the infrared ray
| anp of the first enmbodinent, the heating elenent 2, the heat-enitting

bl ocks 3 and the internal lead wires 4 connected in series are inserted
into the space inside the heat-resistant glass tube 1, an inert gas, such
as argon or nitrogen, is filled inside t glass tube 1, and the end
portions (the sealing portions) of the ‘glass tube 1 are nelted and fused so

as to be seplbgd.- i PREhgOb 1l Nt erial theath Mo bR A, 1tdiga WPl ¥bdenupntoi |
sheet 7 and a part of tﬁe external lead wire 8 are sealed in the sealing

portion lc ghat perdiass dJiubeel sphhenbnpsacedn’ 8y thamidladde did®bter
enbodi ment is formed as described above. In the infrared ray |anp of the

first embodppeqhi&iryust unedias €raar ittt abpvenewreni 1 hgoi-hfilar e, f§¥ | anp
is turned on by applying a voltage across the external lead wres

di sposed at ohaih reiwls: 1yhediend & PgaelBite Z2nb 0BRGN Oh EBE1CHHM: based
substance is heated to a high tenperature because of its resistance. Even

when the heatichg el efidddelis iaxpardedd NihgSpbendidrididal £ 2he dj1g8ki On by
this heating, since the spring portion 6 of the internal lead wire 4 is

provi ded betwsen it.he Theatd tigerebamentt 2 antd b dehyhdeim fsmbesheetis7, the

effect of the dinmensional change due to the expansi on of the heating

el enent 2 i aleanceitedchyd e coner asitieam#f Lbadsmwiidy 8 inside the
sealing portion lc.

- In the infrared ray lamp of the first embodiment,
the heating element 2, the heat-emitting blocks 3 and the
internal lead wires 4 connected in series are inserted into
the space inside the heat-resistant glass tube 1, an inert
gas, such as argon or nitrogen, is filled inside the glass
tube 1, and the end portions (the sealing portions) of the
glass tube 1 are melted and fused so as to be sealed. A
part of the internal lead wire 4, the molybdenum £o0il sheet
7 and a part of the external lead wire 8 are sealed in the
sealing portion lc of the glass tube 1. The infrared ray
lamp of the first embodiment is formed as described above.

In the infrared ray lamp of the first embodiment
structured as described above, when the infrared ray lamp
is turned on by applying a voltage across the external lead
wires B8 disposed at both ends, the heating element 2 formed
of the carbon-based substance is heated to a high

temperature because of its resistance. Even when the

heating element 2 1s expanded in its lengitudinal



portion 6. As a result, it is possible to prevent any unnecessary bendi ng
force fromapplying to the heating elenent 2. Since no unnecessary bendi ng
force applies to the heating elenment 2 that becones brittle at high
tenperatures, the heating el enment 2 does not break even at high
tenperatures. In the infrared ray lanp of the first enbodi ment, the
heat-emtting block 3 forned of a material having good electric
conductivity is connected to the viciﬁi?? of the end portion of the heating

el ement 2. by LskpaoLhe Lahanhazeduadnetine havl 19,0000 BESSUAE ¢ o

conducti vi ty: thi's reason, 1n € infrare

nmbodi t, : t ' h : |l1.,.apd th
eroodt et 40 GOBLACh NERIALANCE, A heL SPELYERRACHD dfeq RIS Ny A0 e
.Cond' tion Oglérﬁgnlﬂeﬁt LA% ¢ leem d%ﬂgtmt rﬁ%i ey &M 14 ! HQB@ g%kfe?’c{ no%he
infrared ray lanp of the first enbodi mrent w1l be descrrbed in nore

detail. As 10 El , f [ i h
et ai oW A D0 F G o, Al BNWALRY LAG Ohodh s o) LT ed AL @Ry the

adhesive 9 y consisting o |1 quid ased organic

substance 1 SHELECLEN Yoa POPLE A g i QA0 PRALIAM o £ NEnBRAL, 2 £FEN! 2

h
including the groove 2a forned in the vicinity of the end porti t he

heating el eg?@PEign And then, fAeuhgating ebepsib i &Ppbi gd-Md et By
adhesive 9 1s inserted into the slit
unnecessary bending force from applying to the heating
element 2. Since no unnecessary bending force applies to
A the heating element 2 that becomes brittle at high
temperatures, the heating element 2 does not break even
at high temperatures.

In the infrared ray lamp of the first embodiment,
the heat-emitting block 3 formed of a material having good
electric conductivity is connected to the vicinity of the
end portion of the heating element 2 by using the
carbon-based adhesive having good electric conductivity.
For this reason, in the infrared ray lamp of the firsf
embodiment, the contact resistance therebetween can be
made small, and the temperature at the connection portion
can be lowered.

Next, the fitting condition of the heating
element 2 and the heat-emitfing block 3 in the infrared
ray lamp of the first embodiment will be described in more
detail.

As shown 1in FIG. 2, at manufacturing of an

infrared ray lamp, the adhesive 9 mainly consisting of a



3a of the heat-emtting block 3 to nmake cl ose contact therewith. After the
heating elenment 2 is nade close contact with and fitted into the

heat-em tting block 3, drying and heating (firing) are carried out, whereby
a sintered substance mainly consisting of the carbon-based substance of

t he adhesive 9 and having a high conductivity is formed. As a result, the
heating elenent 2 and the heat-emtti_ng,block 3 are connected via the
sintered substance of the adhesive 9 having high conductivity. In the first

embodi nent, 1 byufiar Hdbbhepas@A brfanib G NeahbRY 16l eiert 1 81 elfter prea of
t he contact between the heating elenent 2 and the heat-emtting block 3

i ncreases, ﬁglga@ resthkanfa phrihencent aak KaAtbel emeUCEdi nEURIdEes §oOr e,
since the adhesive 9 consisting of the carbon-based organic substance is

very likel yri@ BeoostdiCkatfothedhaat -1ad t¢isgnkhgcl B 108 mefaobodraphht e,
the adhesive 9 enters the groove 2a, and the bonding between the heating

el ement 2 ahel the heattiamg tdidgehkogk 3ahd te@m, eth®ue &t ihbeen dopect ed
and recessed faces, whereby the strength of the bonding is enhanced

significant2yappliedBlvithethir adhershode n"Bnis Lheealtied dahtonthas Heen made
on such exanple of structure that the nunber of the grooves 2a fornmed in
t he vi ci ni tyaobft kheende parkindr: tofng helbeat ingto eharentc1lbss onet
simlar effect can al so be obtained even if plural grooves are forned on
one face ortharketith. After the heating element 2 is made close
contact with and f£fitted into tﬁe heat-emitting block 3,

o drying and heating (firing) are carried out, whexreby a
sintered substance mainly consisting of the carbon-based
substance of the adhesive 9 and having a high conductivity
is formed. :As a result, the heating element 2 and the

~heat-emitting block 3 are connected via the sintered
substance of the adhesive 9 having high conductivity.

In the first embodiment, by forming the groove
2a in the heating element 2, the area of the contact between
the heating element 2 and the heat-emitting block 3
increases, and the resistance of the contact can be
reduced.

Furthermore, since the adhesive 9 consisting of
the carbon-based organic substance is very likely to be
stuck to the heat-emitting block 3 formed of graphite, the
adhesive 9 enters the groove 2a, and the bonding betwesen
the heating element 2 and the heat-emitting block 3 is

carried out at their projected and recessed faces, whereby

the strength of the bonding is enhanced significantly. In



faces; and a higher effect is obtained as the larger the nunber of the
grooves is. In the first enbodi nent, even when the cl earance between the
heating el enent 2 and the heat-emtting block 3 is of a range of 0 to
100/1m no difference occurs in the resistance of the contact and the
strength of the bonding. Next, by using the nethod of the connection
between the heating element and the heatyqjemitting block of the infrared ray
| anp of the above-nentioned first enbodi ment, the connection between the
heating el epgBtf fndt ddiieo Aeakera thiengl bbada tof ok ea ¢ Mige ad deaynl @agnhavi ng

another structure will be described. In an infrared ray |anp having two
rod-1i ke heatinpdeclefrestsu2taimndtRib, thleGn@nbera qmrthal by oowgni fhed
per spective view showi ng a nethod of connecting the heating el enents 2la
and 21b to aoheatdt am tinergrbtdokty3df Eh@ ehd perpaphi alfl wHagedtetdg
perspective view show ng another nethod of connecting the heating el enents
22a and 22betemanteat i@nohtel nGputl adknidlar iaf Aacitnbaar ead sd e lcnge hagdng two
of the rod-like heating elenents 22a - 32 - and 22b. In the infrared ray
| anps showneienFEESp 1l gdooskrsuaine € otdérohhanet Hess sdown i o the
figures are simlar to those of the first enbodi nent shown in the
above- nenti 6aed skl Gndl.a higher effect is obtained as the larger the
number of the grooves is.

In the first embodiment, even when the clearance

o between the heating element 2 and the heat-emitting block
3 is of a range of 0 to 1004 m, no difference occurs in
the resistance of the contact and the strength of the
bonding.

" Next, by using the method of the connection
between fthe heating element and the heat-emitting block
of the infrared ray lamp of the above-mentioned first
embodiment, the connection between the heating element and
the heat-emitting block of the infrared ray lamp having
another structure will be described.

In an infrared ray lamp having two rod-like
heating elements 21a and 21b, FIG. 3 is a partially
magnified perspective view showing a method of connecting
the heating elements 2la and 21b to a heat-emitting block
31. FIG. 4 is a partially magnified perspective view
showing another method of connecting the heating elements

22a and 22b to a heat-emitting bleock 32, in an infrared-

ray lamp having two of the rod-1like heating elements 22a



As shown in FIG 3, the end portions of the heating elenents 21a and 21b of
this infrared ray lanp are inserted into two holes 31a and 31b fornmed in
the heat-emtting block 31 respectively and connected thereto. The plural
grooves 21c fornmed in the heating elenents 2la and 21b extend in a
direction perpendicular to the insertion direction (the direction indicated
by the arrow in FIG 3) of the heating enments 2la and 21b. The heating

el enents 2l1a and 21b and the heat-emtting block 31 of the infrared ray

| anp shown ignhg FI4&» .3 are forned of simlar nmaterials as those of the
above-nentioned first enbodi ment, and the adhesive 9 of the second

enbodi ment is formed afn aticar badrhasel rapsianpe o hacolre B es Xt gr anef
crystallized carbon such as graphite and anor phous carbon when heated to a

hi gh tenpersat Wsu¢tisSteds dthdhecisasetfbstehasHowat ianhed MYureés hhe
vicinities of the end portions of the above-nentioned cylindrical heating

el ements 2lgiand 2dbto the g usal tgeodiass 21lembbliiese gt oonesn i henexanpl e
shown in FIG 3) are forned. For this reason, projected and recessed faces
are formed iabdhe-weéatnbtieas DGt ha.end 33 portions of the heating el ements
21a and 21b, and the adhesive 9 is sufficiently applied to the end portions
i ncl udi ng the projectedtks andowacessetil§aces. tAnd, ehlepdieatdmg efFenerit s 21a
and 21b applied with the adhesive 9 are inserted into the holes 3la and 3la
of the heat-heating elements 2la and 21b of this infrared ray lamp are
inserted into two holes 3la and 31b formed in the
o heat-emitting block 31 respectively and connected thereto.
The plural grooves 21lc¢ formed in the heating elements 21a
and 21b extend in a direction perpendicular to the
insertion direction (the direction indicated by the arrow
in FIG. 3) of the heating elements 2la and 21b.
The heating elements 2la and 21b and the
heat-emitting block 31 of the infrared ray lamp shown in
FIG. 3 are formed of similar materials as those of fhe
above-mentioned first embodiment, and the adhesive 9 of
the second embodiment is formed of a carbon-based
substance to become a mixture of crystallized carbon such
as graphite and amorphous carbon when heated to a high
temperature, just as in the case of the first embodiment.
In the wvicinities of the end portions of the
above-mentioned cylindrical heating elements 21a and 21b,
the plural grooves 21c {three grooves in the example shown

in FIG. 3) are formed. For this reason, proejected and

recessed faces are formed in the wicinities of the end



emtting block 31 respectively and nade cl ose contact therewith. After the
heating el ements 21la and 21b are nade <close contact wwth and fitted into
the heat-emtting block 31, drying and heating (firing) steps are carried
out, whereby a sintered substance consisting of the carbon--based substance
of the adhesive 9 is formed. As a result, the heating elements 21la and 21b
are connected to the heat-emtting bLog& 31 via the sintered substance of
the adhesive 9 having high conductivity. In the exanple showmn in FIG 3,

since the pspLeened dndirechssadigceseaeatformed anhd he1yichaid iwse of the
end portions of the cylindrical heating elenents 2la and 21b, the area of

the contactadeéwneer thei heatifdd c i eaent applia endtdlhmndehhepbeair@nktti ng
block 31 is increased. Furthernore, the grooves 21c are forned in the

vicinities phcihaikeptitng premeitse@lananadetdxs8daradidect ipndperpendi cul ar
to the insertion direction, and the sintered substance of the adhesive 9 is

formed in theatgheoveenXhcts FOLat Ahd reasempliiedrestat #pee adhd devecont act
bet ween the heating el enents 2la and 21b and the heat-emtting block 31 of

t he infraregdreaynsaftshomton tide b Ges3 30an dedr educest end hlketstrength
of the bonding can be enhanced significantly. In the infrared ray |anp
shown in Fl&nidtinke bldokab 1( tdersgee ¢ hivied yeaand| ragieowrl o sie FEGn t4c gr ooves
22c are formed on the external faces in the vicinities of the
therewith. After the heatingelements 2la and 21b are made
close contact with and fitted into the heat-emitting block
31, drying and heating (firing) steps are carried out,
whereby a sintered substance consisting of the carbon-
based substance of the adhesive 9 is formed. As a result,
the heating elements 2la and 21b are connected to the
heat-emitting block 31 via the sintered substance of the
adhesive 9 having high conductivity.

In the example shown in FIG. 3, since the
projected and recessed faces are formed in the vicinities
of the end portions cf the cylindrical heating elements
2la and 21b, the area of the contact between the heating
elements 2la and 21b and the heat-emitting block 31 is
increased. Furthermore, the grooves 21lc are formed in the
vicinities of the heating elements 2la and 21b in a
direction perpendicular to the iasertion direction, and
the sintered substance of the adhesive 9 is formed in the
grooves 2lc¢. For this reason, the resistance of the

contact between the heating elements 2la and 21b and the

heat-emitting block 31 of the infrared ray lamp shown in



end portions of the two heating el enents 22a and 22b. The plural grooves
22c formed in the heating elenents 22a and 22b are provided in a direction
perpendicular to the insertion direction (the direction indicated by the
arrow in FIG 4) of each of the heating elenents 22a and 22b, thereby
form ng projected and recessed faces. In addition, the adhesive 9 is
sufficiently applied to the end portto§i of the heating elenent 22a and 22b
including the projected and recessed faces in the vicinities thereof. On

the other hand, §wo,fales-32a-8Rd 378 #he sERRMRGY %éh}ﬁ&ﬁ%@@%%@ bl ock

32, and grooves 32b are fornmed in each of the i'nternal faces hese hol es

32a and 323, Ihese HOo¥egnId &xieng.in a direction perpendicular to the
insertion direction (the direction indicated by the arrowin FIG 4) of

each of the heating ehen®nd siR2a.20¢ 220, Thgpadhesinve D Fscapnrlieddio the
heating el ements 22a and 22b structured ‘as descri bed above, and the heating

el ements 223; 3pd 122k ndets s &IHEL G A4 91 hen Bahes n3Racand) §2aoUfed heac
heat-em ttihg bl ock 32 respectively and nade 35 close confact therewth.

After the hgatipgrmelieBBNtselda teaitth 220 @68 RIEnE! PS€1aQRAL ¥ tfhand
fitted into the heat-emtting block 32, drying and heating (firing) steps

are carri edegdtporhenaly o shet enethsubshanee «aist SINY anef 2. The
car bon-based substance of the adhesive 9 is forned.

plural grooves 22c¢c formed in the heating elements 22a and
22b are provided in a direction perpendicular to the
insertion direction {the direction indicated by the arrow
in FIG. 4) of each of the heating eleﬁents 22a and 22b,
thereby forming projected and recessed faces. 1In
addition, the adhesive 9 is sufficiently applied to the
end portions of the heating element 22a and 22b including
the projected and recessed faces in the vicinities
thereof.

On the other hand, two holes 32a and 32a are
formed in the heat-emitting block 32, and grooves 32b are
formed in each of the internal faces of these holes 32a
and 32a. These grooves 32b extend in a direction
perpendicular to the insertion direction (the direction
indicated by the arrow in FIG. 4) of each of the heating
elements 22a and 22b.

The adhesive 9 is applied to the heating elemants
22a and 22b structured as described above, and the heating

elements 22a and 22b are inserted into the holes 32a and

32a of the heat-emitting block 32 respectively and made



As a result, the heating el enents 22a and 22b are connected to the
heat-emtting bl ock 32 via the sintered substance of the adhesive 9 of high
conductivity. In the infrared ray |anp showmn in FIG 4, the projected and
recessed faces are fornmed in the vicinities of the end portions of the
cylindrical heating elenents 22a and 22b, and the grooves 32b are forned in
the internal faces of the holes 32a an§532b. As a result, the area of the
contact between the heating elenments 22a and 22b and the heat-emtting

bl ock 32 i scidicseasedachuniharsmien. t R t@oates R2Pt arg &oemeadh Ahe
vicinities of the end portions of the heating elenents 22a and 22b and in

the internaldfazesaek whaidotessd2amanth3Rawiifha adid ectt oad parpendigul ar
to the insertion direction. The sintered substance of the adhesive 9 is

formed in these- ghaotasn HULock@2 | sy 1egsond hdathag fLatied r atdHap
shown in FIG 4, the resistance of the contact between the heating
el enent s 22aranth 22heandutthe whastelew 4 td ngt blreck s3db Loancbecorducadingnd t he
strength of the bonding therebetween is enhanced significantly. In the
infrared rayf ltanp cahoven + haBe@ sdpshoitc 86 £ etk patid Hise of itsh€opimadl
heating el ements 22a and 22b are bonded to the holes in the heat-emtting
bl ock 32 byas asraguflhe dcarebbr-aidseyl edddvesh ve D2aland ke tshagecohar dthed
plural heating el enents 22a and 22b are inserted into the heat-emtting
bl ock 32, tte tTae Domabased tadhegi veo8ki §2 via the sintered substance

of the adhesive 9 of high conductivity.

o In the infrared ray lamp shown in FIG. 4, the
projected and recessed faces are formed in the vicinities
of the end portions of the cylindridal heating elements
22a and 22b, and the grooves 32b are formed in the internal
faces of the holes 32a and 32b. As a result, the area of
the contact between the heating elements 22a and 22b and
the heat-emitting block 32 is increased. Furthermore,
the grooves 32b are formed in the vicinities of the end
portions of the héating elements 22a and 22b and in the
internal faces of the holes 32a and 32a in a direction
perpendicular to the insertion direction. The sintered
substance of the adhesive 9 is formed in these grooves 32b.
For this reason, in the infrared ray lamp shown in FIG.

4, the resistance of the contact vetween the heating
elements 22a and 22b and the heat-emitting block 32 can
be reduced, and the strength of the bonding therebetween

is enhanced significantly.

In the infrared ray lamp shown in FIG. 4, both



still soft; therefore, even when bal ance of the tension or conpression
force between the heating elenents is distorted, the distortion is relieved
until a heat treatnent for curing the adhesive 9 is conducted- Then, after
bal ance of the tension or conpression force between the plural heating
el ements is nmade nearly uniform the adhesive 9 is cured and carbonized. As
a result, even when the heating el emantyg 22a and 22b are heated to a high
tenperature, the distortion of the tension or conpression force bal ance
bet ween t hesh@abbrg ielresrenfsttdeepInntal iecseang el aueht exteat andtz 1the
heati ng el enents 22a and 22b are broken. By producing the infrared ray |anp
as descri bedeaboviéed ttao stipossobke e easi hyatr-eatetainlgobd-ddd e32 réyar ed
ray |anp having plural heating elenments 22a and 22b sealed in one gl ass
tube. In thesingrahedcaaypdanpasseloaihies ifeGS.. 3 Iandhed s taigs Warereffleet s can
be obtai ned regardl ess of whether the holes 3la and 32a forned in the
heat-em ttipgubbdckeatIinqrddl 8deate 2Raoagh hpbearer iskepxtheal ent(dhadies with
botton). ((Second enbodinment)) - 37 Next, an infrared ray lanp in
accordance mebah-eamiseicond &ivodt nght ohet e preseht sienlventh onivwel 19 bies
described referring to the acconpanying drawings. FIG 5 is a plan view
showi ng t hesthfidased raythanmpg fcfre heeserondenebaddimeat of nthecoedaiiozn wi t h
t he present invention. FIG
or compression force between the heating elements is
distorted, the distortion is relieved until a heat
treatment for curing the adhesive 9 is conducted. Then,
after balance of the tension or compression force between
the plural heating elements is made nearly uniform, the
adhesive 9 is cured and carbonized. As a result, even when
the heating elements 22a and 22b are heated to a high
temperature, the distortion of the tension or compression
force balance between the heating elements does not
increase to such extent that the heating elements 22a and
22b are broken. By producing the infrared ray lamp as
described above, it 1is possible to easily create a
long-1life infrared ray lamp having plural heatingelements
22a and 22b sealed in one glass tube.

In the infrared ray lamps shown in FIGS. 3 and
4, similar effects can be obtained regardless of whether
the holes 3la and 32a formed in the heat-emitting blocks
31 and 32 are through holes or stop holes (holes with

bottom) .

«Second embodiment)



5 shows both end portions of the infrared ray |anp of the second

enbodi nent. Since its central portion has a continuous structure connecting
both end portions, the central portion is not shown in FIG 5. FIG 6 is a
partially magnified perspective view show ng the connection condition
between a heating elenent and heat-emtting blocks in accordance with the
second enbodi ment shown in FIG 5. FIGs77-and 8 show other structures of
the infrared ray | anp of the second enbodinent, and are partially magnified
perspective views shdWixl.thae netforisedf ralye leomett i aachetdgaere tWétheat i ng
el ement and the heat-emtting blocks. The infrared ray |anp of the second
enbodi ment ai $eeeoddanbe dinen thefpridse@reacant iioywemtianpitlel beating

el enent 23 and two-split heat-emtting blocks 33a and 33b. Since the other
structures dEQQEi%@@oﬁGfQ§ﬁkEWnﬁﬂttgﬁe®§QﬁmﬁﬁnYéngh@§§Wﬁn9%e FIG.
above-nentioned first enbodinent, their explanations are omtted. In the
infrared ray i&rbPdfan Hd eseE8rd endddiamdmt raned nwsatliamy efehpats2gonghe
heat-emitting bl ocks 33a and 33b and the internal lead wires 4 are _seal ed
in the gl asembFBimepheln ags FHOAA R Fr oS hspaed en t jinstensiph -t hEIfase of
t he above-nentioned first epbodinment. The internal lead wre 4 is connected
to the extePn8hoA%ad®Sft B \RACERED sSHofyBdendmfATedneeY Yanphefpliee

heating el enent 23 sealed in the_glass tube 1 is forned of a carbon-based
second embodiment. Since its central portion has a

continuous structure connecting both end portions, the
central portion is not shown in FIG. 5. FIG. 6 is a
partially magnified perspective view showing the
connection condition between a heating element and
heat-emitting blocks in accoxrdance with the second
embodiment shown in FIG. 5. FIGS. 7 and 8 show other
structures of the infrared ray lamp of the second
embodiment, and are partially magnified perspective views
showing the methods of the connection between the heating
element and the heat-emitting blocks.:

The infrared ray lamp of the second embodiment
in accordance with the present invention has a plate
heating element 23 and two-split heat-emitting blocks 33a
and 33b. Since the other structures of the second
embodiment are similar to those of the above-mantioned
first embodiment, their explanations are omitted.

Infheinfraredraylampofthesecondembodiment,
the heating element 23, the heat-emitting blocks 33a and

33b and the internal lead wires 4 are sealed in the glass



substance consisting of a mxture of crystallized carbon such as graphite,
a resistance val ue adjustnent substance and anorphous carbon. This heating
el enent 23 has a plate shape neasuring 6 mmin width, 0.5 mmin thickness
and 300 mmin length for exanple. The heat-emtting bl ocks 33a and 33b are
formed of a conductive material and electrically connected to one end of the
heating el enment 23 by a nethod describerg later. A coil portion 5 is forned
at one end of the internal lead wire 4, and a spring portion 6 having
elasticity tsbkoltmed fdidweni hy FREScoiS apuot td onjust As dhowhe redd€ o6, in
the infrared ray |lanp of the fourth enbodi nent, grooves 23a and 23b are
formed in the &bpvandndotiopeflafds sdf eniteo &idepdrt i Bheofinttieen bt kealleat i ng
el enent 23 respectively. The grooves 23a and 23b extend in a direction

per pendi cul mireo 4 Hes |opgheadiedalto dihecekdrrofat heeddaving &l ementtR28. The
adhesive 9 is sufficiently applied to the vicinity of the end portion of

t he heati ngmelgmsinne® Fadlludihfethése Gheowdsr 23ahend inz3kelemenite 2hd
portion of this heating elenent 23, a pair of heat-emtting bl ocks 33a and
33b are bondedl¢ida in38het Pd agdhebihe 3 Hevihegrnegh odormlucatrbpny bssad to
attain electrical connection. The adhesive 9 is forned of a carbon-based
subst ance t AEPStETHNVERRBYSLANG & InitxdkE ug of yBiws La2éd zedt FrBokh as

graphi te and anor phous _carbon when heated to a high tenperature. The heat -
such as graphite, a resistance value adjustment substance

and amorphous carbon. This heating element 23 has a plate
shape measuring 6 mm in width, 0.5 mm in thickness and 300
mm in length for example. The heat-emitting blocks 33a
and 33b are formed of a conductive material and
electrically connected to one end of the heating element
23 by a method described later. A coil portion 5 is formed
at one end of the internal lead wire 4, and a Spring portion
6 having elasticity is formed following the coil portion
5.

As shown in FIG. 6, in the infrared ray lamp of
the fourth embodiment, grooves 23a and 23b are formed in
the top and bottom faces of the end portion of the platsa
heating element 23 respectively. The grooves 23a and 23b
extend in a direction perpendicular to the longitudinal
direction of the heating element 23. The adhesive 9 is
sufficiently applied to the vicinity of the end portion
of the heating element 23 including ;:hese grooves 23a and
23b. In the end portion of this heating element 23, a

pair of heat-emitting blocks 33a and 33b are bonded via



emtting blocks 33a and 33b are two bl ocks having simlar shape, i.e., a
nearly sem circular shape in cross section, and fornmed of graphite having
good conductivity. In the second enbodinment, the internal lead wire 4 is
formed of a tungsten wire having a thernmal expansion coefficient close to

t hat of carbon. However, other netal wres, such as nol ybdenum and titani um
wires, may be used as the internal leadszgire 4, if no problemoccurs in
heat resistance in working environnents. The external lead wre 8 is
forned of atimel phitemsiivei PehaAsi idesitl ghed catbue; ivhtyheol afsr arech tagihanp of
t he second enbodi nent, the heat-emtting bl ocks 33a and 33b sandw ch the
vicinity of ettketendcpor cioomesftihe .pl dhe ardot $ hyeePerdentf @Bmedaotther
adhesive 9 so as to attain bonding. Furthernore, the coil portion 5 of the
internal |eadbwinebdspd wouprrkanght kradr dundarree heatl- amtit iangnidptocks 33a
and 33b and secured thereto. In this way, the heating element 23 is

el ectrical | pfcompeetedltigathecarhpar salclh ead airped it e iandhemadigstye 9 and
the heat- emtting blocks 33a and 33b. In the internal lead wire 4, the end
portion of cREbsPrivhepotisiadie®, tehé Wiingih nfempagatdizgret e¥hof h@ditch i s

| arger than that of the coil portion 5, is electrically connected to the
mol ybdenum ﬁé‘iﬂttsia‘é@tblqcléﬁbégéeénidn?'@ﬁ’ea§@aItWﬁgbﬂ)@Pt1ﬁSoglamiftg1éJ'gﬂlhbért ube 1
. The other end of this nmolybdenumfoil sheet 7 is also connected to the
external | e&8aRT e 18 § nsiddefkd % E&M Iyl PORLAsnshape in cross section,

and formed of graphite having good conductivity.

In the second embodiment, the internal lead wire
4 is formed of a tungsten wire havingzithermal expansion
coefficient close to that of carbon. However, othermetal
wires, such as molybdenum and titanium wires, may be used
as the internal lead wire 4, if no problem occurs in heat
resistance in working environments. The external lead
wire 8 is formed of a molybdenum wire.

As described above, in the infrared ray lamp of
the secdnd embodiment, .the heat-emitting blocks 33a and
33b sandwich the vicinity of the end portion of the plate
heating element 23 via the adhesive 9 so as to attain
bonding. Furthermore, the coil portion 5 of the internal
lead wire 4 is wound tightly around the heat-emitting
blocks 33a and 33b and secured thereto. In this way, the
heating element 23 is electrically connected to the
internal lead wires 4 via the adhesive 9 and the heat-
emitting blocks 33a and 33b. In the internal lead wire

4, the end pertion of the spring portion 6, the winding



In the infrared ray |lanp of the second enbodi nent, the heating el enment 23,
the heat-emtting blocks 33a and 33b and the internal |lead wire 4 connected
in series are inserted into the space inside the heat-resistant gl ass

tube. After filling an inert gas, such as argon or nitrogen in the space
inside the glass tube 1, the end portions (the sealing portions) of the
glass tube 1 are nelted and fused so as ?o_be seal ed. A part of the
internal lead wire 4, the nolybdenumfoil sheet 7 and a part of the

external |eath sh&eed arewaeahedsi Natrhe sSealdramortéonwd cédhe pbassisybe 1.
The infrared ray |lanp of the second enbodinent is fornmed as descri bed

above. In the iinf eares r ayal agpcehnkhe secend renhedi y@iénuft £oatiuret as
descri bed above, when the infrared ray lanp is turned on by applying a

vol t age acr ossmihei@xd ermaihd eadl Wd @98 {dh Gf DhedigIpesed wale hot h Ends,
the heating elenent 23 fornmed of the carbon-based substance is heated to a

hi gh tenperainge dietarsenats b3 ybasimimres, 1 Erer tMrenstdes o heah nrg: 4 @ment
23 is expanded in its longitudinal direction by this heating, since the

spring portiwn thefexthernalt eread wead 8 niashids phevided. ihes weem tiihen .

heating - 41 elenment 23 and the nol ybdenum foil sheet 7, the di nmensional

change due to the expansitdre dhfitherddatadingaelpeaBth @3 dcon dlkss dadmeyh ¢ he

contraction of the spring portion 6. As a result, it is possible to prevent

any unnecess@iy lbeating eflemeat ram atgpd:yrmgtt—emtﬂte:ihe@tbhgcelsem &3 For

this 33b and the internal lead wire 4 connected in series are
inserted into the space inside the heat-resistant glass
tube. After £illing an inert gas. such as argon or
‘nitrogen in the space inside the glass tube 1, the end
portions (the sealing portions) of the glass tube 1 are
melted and fused so as to be sealed. A part of the internal
lead wire 4, the molybdenum foil sheet 7 and a part of the
external lead wire 8 are sealed in the sealing portion of
the glass tube 1. The infrared ray lamp of the second
embodiment is formed as described above.

In the infrared ray lamp of the second embodiment
structured as described abeove, when the infrared ray lamp
is turned on by applying a voltage across the external lead
wires 8 (FIG.- 5) disposed at both ends, the heating element
23 formed of the carbon-based substance is heated to a high
temperature because of its resistance. Even when the
heating element 23 is expanded in its longitudinal

direction by this heating, since the spring portion 6 of

the internal lead wire 4 is provided between the heating



reason, no unnecessary bending force is applied to the heating elenent 23
that is brittle at high tenperatures, and the heating el enent 23 does not
break even at high tenperatures. In the infrared ray |lanp of the second
enbodi ment, the heat-emtting bl ocks 33a and 33b formed of a materi al
havi ng good el ectric conductivity are connected to the vicinity of the end
portion of the heating element 23 via -thaa carbon-based adhesive havi ng good
el ectric conductivity. For this reason, in the infrared ray lanp of the
second enbodébhementt A8 aohttdet Modsisiamer el Isde afedr.edbeddinpa tilmal
tenperature at the connection portion can be |owered. Next, the bonding
condi tion ofchhsgkedtieng o dileesnpaBsand ofe theathamt i ngng leimeoks B3aiand
33b inthe infrared ray |anp of the second enbodiment will be described in
nmore det ai | . alsoshesh bh WG con tracthieon i divedl spyingnpogft igmed sechnd
enbodi nent, the grooves 23a and 23b are forned in the top and bottom faces
of the vicinttmetltheleAd PpEFLitdie 6P PHevhast #nY R RABAS 237y Plea didhesi ve
9 formed - 42 of a liquid carbon-based organic substance is sufficiently
appl i ed to theresdfFeom ia@mPinitradiAgthtehgadoves 2bamand 223b, Fam tithks
heating el ement 23 is sandwi ched between a pair of the heat-emtting bl ocks
33a and 33b BAASHESndE LRBEEESSIHY ePCPHILS DI 7Y, i6he bt £hg tel t 23

and
heating element 23 that is brittle at high temperatures,

and the heating element 23 does not break even at high
( temperatures.

In the infrared ray lamp of the second embodiment:,
the heat-emitting blocks 33a and 33b formed of a material
having good electric conductivity are connected to the
vicinity of the end portion of the heating element 23 via
the carbon-based adhesive having good electric
conductivity. For this reason, in the infrared ray lamp
of the second embodiment, the contact resistance can be
decreased, and the temperature at the connection portion

can be lowered.

—.

Next, the bonding condition of the heating
element 23 and the heat-emitting blocks 33a and 33b in the
infraréd ray lamp of the second embodiment will be
described in more detail.

As shown in FIG. 6, in the infrared ray lamp of
the second embodiment, the grooves 23a and 23b are formed
in the top and bottom facés of the wvicinity of the end

portion of the heating element 23. The adhesive 9 formed



the heat-emtting blocks 33a and 33b are dried and heated (fired), thereby
securely connected by the sintered substance formed of the carbon-based
substance of the adhesive 9 and having high conductivity. In the second
enbodi ment, by formng the grooves 23a and 23b in the heating el enent 23,
the area of the contact between the heating el enent 23 and the heat-
emtting blocks 33a and 33b increases,- wh&reby the resistance of the
contact can be reduced. Furthernore, since the adhesive 9 fornmed of the

car bon- basetlfot gdifitl & FrgiRteb P § ofeP T It §ubs U Ge dek suEd kgkently
heat-em tting bl ocks 33a and 33b fornmed of graphite, the adhesive 9 enters
t he grooves2P®diff DBEhe R ¢ o T hditd ﬂd‘cbg‘ﬂ%@ﬁ the HERIYRS e dReAP D3 and
the heat- em tting blocks 33a and 33b is carried out at their projected and
recessed faéé® . et ebye t heasirch@heBenthd 3 Bondi LY s costhieween a
significantly. In the second enbodinent, the structure _wherein the nunber

of the groB®dL fr neeiRethe Wi iR§ BR-Oke einf porti dr brrttheboRE&S ng

elenent 23 is one is explained as. an exanple;, however, an effect _can al so
be obt ai ned t8¢&R§S - plzh’gjé?rﬁgl rBB\F%f“hS?e FRE RE26H Tshe ¥R Er 23286t h

faces, 200 Sl ST ShLERL pkondlal oot a5, LS funber oF, LD 9000YSR g 1
{he neat. emLling, pl ocks 23 A0 3201% PLRSSHLS GPUARL: AR LERY T
substance formed of the carbon-based substance of the
adhesive 9 and having high conductivity.

In the second embodiment, by forming the grooves
23a and 23b in the heating element 23, the area of the
contact between the heating element 23 and the heat-
emitting blocks 33a and 33b increases, whereby the
resistance of the confact can be reduced.

Furthermore, since the adhesive 9 formed of the
carbon-based organic substance is very likely to be stuck
to the heat-emitting blocks 33a and 33b formed of graphite,
the adhesive 9 enters the grooves 23a and 23b, and the
bonding between the heating element 23 and the heat-
emitting blocks 33a and 33b 1s carried out at their
projected and recessed faces, whereby the strength of the
bonding is enhanced significantly. In the second
embodiment, the structure whereln the number of the
grooves formed in the vicinity of the end porticn of the

heating element 23 1is one 1s explained as an example;

however, an effect can also be obtained even if plural



assenbly process such as a fitting process, it is not necessary to
accurately place the heating el enent and the heat-emtting bl ocks at
predeterm ned positions; the assenbly work can thus be carried out easily,
and the cost of production -can be reduced significantly. FIG 7 is a
partially magnified perspective views show ng another structure of the
infrared ray lanp of the second enbodi nent and shows an exanple of the
nmet hod of the connection between the plate heating elenment 23 and two-split
heat - eni t t | agoblvecsk 8 r84hoamné d3an o falgewTion PloGh facgrsoowasl 23ul aimelr 23b
are formed in the top and bottomfaces in the vicinity of the end portion
of the heaté&f§esitemsneb23 1Mk agr 66%eBURBE Ad tRELIERPERE LACKF CHFRLLi ON
per pendi cular to the |ongitudinal direction of the heating el enent 23. The
adhesive 9 fornmed of &1 i%us dSeaPPeh- YL BRrHani chsURRbEABE iesement
sufficiently applied to the end portion including these grooves 23a and
23b. On the2dt hér apdried at Aol &t epmpbELingh Bk s386r AR ohd leae¥ of
the heat-emtting bl ocks 34a and 34b at a position for sandw ching the
heati ng el eRERESS2F e | feREACHddi Hiore BEPRbjlect B PoEt t&E 34ES¢ soFodfed on
this step portion 34d. This projected portion 34c is forned at a position
wherein it BFEETHLBaBROGL Sthe® YibodEs 25 Gt 92BF osred A fife nOt

above- nenti oned heatiqg el enent 23. The heating el enent 23 structured as
descri bed Recessary to accurately place the Neating element and the

heat-emitting blocks at predetermined positions: the
{ assembly work can thus be carried out easily, and the cost
of production can be reduced significantly.

FIG. 7 is a partially mégnified perspective
views showing another structure of the infrared ray lamp
of the secqnd embodiment, and shows an example of the
method of the connection between the plate heating element
23 and two-~-split heat-emitting blocks 34a and 34b.

As shown in FIG. 7, grooves 23a and 23b are formed
in the top and bottom faces in the wvicinity of the end
portion of the heating element 23. The grooves 23a and
23b extend in a direction perpendicular to the
longitudinal direction of the heating element 23. The
adhesive 9 formed of a liguid carbon-based organic
substance is sufficiently applied to the end portion
including these grooves 23a and 23Db.

On the other hand, a hollowed step portion 34d
is formed on each of the heat-emitting blocks 34a and 34b

at a position for sandwiching the heating element 23. In



above is placed between the two heat-emtting blocks 34a and 34b and bonded
thereto. At this time, the projected portions 34c of the heat-emtting

bl ocks 34a and 34b fit in the grooves 23a and 23b in the heating el enent

23. After this fitting, the heating el enent 23 and the heat-emtting bl ock
34a and 34b are dried and heated (fired), thereby securely connected by the
sintered substance formed of the carbon#fased substance of the adhesive 9

d havi hi gh. ductivity. Si th d enbodi t sh in FIG 7
o0 Dl 10, AR SORIVS!Liid e SLICELLIS SEcond EIOPOLEEN (shovn L FLg
bl ocks 34 d 34b _fit, J : 3 d.23b i.n the heati I t
o ocke, 42 a0 odhy e 1 WIEDSBAS RS A0, 23R AL e healiag olenen

tR8 &ottact

heat -eri (U1 g DLgks Aa.20d $b iy epes, cpherely, dhe. reslatance of, the

contact can uced. 1'n"addition, ‘since € projec

inth 2 3D, ' it . h '

ol emont 23 S0P (RETSL ot F g PN bORE R4 ik BRI CheS BaEeivh o

b t , Wh t t. he ;bandi ' ~mi14Ds Th
CtTuctur o whorei n (he. SRBOUCE At (o ARa e 't RS hadi 1R SoRandat F3 454 (e

Dol Sehey POSLENE. 8 g sEALTEL AL Lhe henk s LN L 00ks 49 . Sy

invention is,pRt3hhnkhAdubAddY S kd pDeBl ShRUEHUTEtime, the projectea
portions 34c of the heat-emitting blocks 34a and 345 fit
in the grooves 23a and 23b in the heating element 23. After
this fitting, the heating element 23 and the heat-emitting
block 34a and 34b are dried and heated (fired), thereby
securely connected by the sintered substance formed of the
carbon-based substance of the adhesive % and having high
conductivity.

Since the second embodiment shown in FIG. 7 is
structured so that the projected portions 34c of the
heat-emitting blocks 34a and 34b fit in the grooves 23a
and 23b in the heating element 23, the area of the contact

{ between the heating' element 23 and the heat-emitting
Blocks 34a and 34b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 24c
fit in the groowves 23a and 23b, the bonding condition
between the heating element 23 and the heat-emitting

blocks 34a and 34b via the adhesive 9 becomes strong,

whereby the strength of the bonding is enhanced.



the grooves and the projected portions nmay be formed opposite to each

ot her, and the nunber of each is not |imted to one. FIG 8 is a partially
magni fi ed perspective views showi ng still another structure of the infrared
ray |anp of the second enbodi nent, and shows the nethod of the connection
between a plate heating el enent 24 and two- split heat-emtting bl ocks 35a
and 35b. As shown in FIG 8, a through-hdbe-24a is formed in the vicinity
of the end portion of the heating elenment 24. The adhesive 9 fornmedof a

li qui d carbon-based or §&fi & ETSSiBhcE $5e4nf FRei eRePPy HATed radel end
portion including this through hale 24a. On the other hand, a holl owed step
portion 35d th& ?gFE%TQNP¥%E%n5f%%ﬁﬂ%Qthémﬁﬁqhﬁcﬁﬁgc@9?ﬁ%93ﬁd@§ﬂ) at a
position for_sandw ching the heating_ele nt 24, In addjtion, a_projected
portion 35c §QrRBHMRRY IO PRAS @Rpt bB&ﬁHCé‘ﬁd?“?rﬁ%dp?r“o‘f &ct BUPPSATISSh 35¢
is formed at a position wherein it fits in the through hole 24a formed in
t he above-mﬁﬁi%ﬁe&xﬁﬂﬁ%%glﬁléﬁﬁuS%QPH%hg S IRYREF e NS YR st FBEt ured as
described - 46 above is sandwched, between.the two heat-emtting, bl ocks

S5a and 35b e BORCEA BRELETD L SAOE s T ERG, TE ' kot Dot pEREEGHE Bac of
t he heat-enitting bl ocks 35@ a d 35b.fi% i,n _the throu&p hﬁ%e 4a in the
heating el enEht SHC°VAYT M Ehi-&%hdhdl hgC tEfe ARGE T AR Seffderit® 24°ERG % he

opposite to each other, and the number of each is not
limited to one.

o | FIG. 8 is a partially magnified perspective
views showing still another structure of the infrared ray
lamp of the second embodiment, and shows the method of the
connection between a plate heating element 24 and two-
split heat-emitting blocks 35a and 35b.

As shown in FIG. 8, a through hole 24a is formed
in the vicinity of the end portion of the heating element
24. TheadhesiveE)formedofzaliquidcarbon—basédorganic
substance 1is sufficiently applied to the end portion

including this through hole 24a.

-

On the other hand, a hollowed step portion 35d
is formed on each of the heat-emitting blocks 35a and 35b
at a position for sandwiching the heating element 24. In
addition, a projected portion 35c is formed on this step
pertion 35d. This projected portion 35c is formed at a
position wherein it fits in the through hole 24a formed
in the above-mentioned heating element 24.

The heating element 24 structured as described



heat-em tting bl ock 35a and 35b are dried and heated (fired), thereby
securely connected by the sintered substance formed of the carbon-based
substance of the adhesive 9 and having high conductivity. Since the

enbodi mrent shown in FIG 8 is structured so that the projected portions 34c
of the heat-emtting blocks 35a and 35b fit in the through hole 24a in the
heating el enent 24, the area of the conmt@ct between the heating el enent 24
and the heat-emtting blocks 35a and 35b i ncreases, whereby the resistance
of the copbase dén skardebobed betwrritihe, t¥pnkeathenprto) eededlpeitd ons
35¢c fit in the through hole 24a, the condition of the bondin bet ween t he
heating el 8féntared 3hd &Fe Heamded tihimeetol ocks 3I9d sandimsh gihae t he
adhesi ve 9 becones strong, whereby the strength of the bonding is enhanced.
The struct BES J@fek et PANelPREOAGR PiblEEralEatheempisilaa bdosdrs Pom and
circular and the nunber of each is one is explained as an exanple in the
enbodi ment 3SkofA ti AR Fhe tBIopdileverle tafa griedev hiapfehr g ohl ¢8Rt 24 nited
to this kind of structure; if an oval hole and an oval - 47 projected
portion ar@fjieed BRiFf DENEHAY hotse AP BinFar e} ectronddartdi@ised and i f
they can be fitted into each other for_exanple, simlar effect as that of
the abovelferftithebt Aol RAE a7 K GbtaPnéde Hrider Abde NS tREy be

possi-bl e to use the .
(fired), thereby securely connected by the sintered

substance formed of the carbon-based substance of the
adhesive 9 and having high conductivity.

Since the embodiment shown in FIG. 8 is
structured so that the projected portions 34c of the
heat-emitting blocks 35a and 35b £it in the through hole
24a in the heating element 24, the area of the contact
between the heating element 24 and the heat-emitting
blocks 35a and 35b increases, whereby the resistance of
the contact can be reduced.

In addition, since the projected portions 35c
fit in the through hole 2Z4a, the condition of the bonding
between the heating element 24 and the heat-emitting
blocks 35a and 35b wvia the adhesive 9 becomes strong,
whereby the strength cof the bonding is enhanbed.

The structure wherein the through hole and the
projected portion are circular and the number of each is
one is explained as an example in the embodiment shown in
FIG. 8; however, the present invention is not limited to

this kind of structure; if an oval hole and an oval



structure wherein only the projected portion 35¢c shown in FIG 8 is forned
into a rod shape as a separate piece, and a through hole is forned in the
step portion 35d of each of the heat-emtting bl ocks 35a and 35b so that
the rod-like projected portion is inserted into the through holes in the
heat-em tting bl ocks 35a and 35b and the thorough hole 24a in the heating
element 24. Wth this structure, the heatremtting bl ocks 35a and 35b can
be processed easily, and the cost of production can be reduced. The

heat - em t ti ngroleck edmmedt bbngaaghivsed avildy rdomdattheoley and gl wt®ttrode
termnal function is explained as an exanple in the first and second

enbodi ment s; phodeedrionheanatesed aofd tife et - the nfitbedcknite rotch
limted to graphite; various materials having heat resistance up to 120000
, good el ectetbalk domlwexanpily . ahtnjdod teifdamt @sndbett wif ythee
applicable. Since graphite itself is lowin hardness and strength for
exanpl e, vaaboue-mEntiansdesmiedimgpthaadndss ahtdadimeghgt h, such as a
materi al obtained by mxing a carbide, a nitride, a boride, etc. with
graphite and by firingFurthexmare, dt @387 hat PoisHibbeatredissy Bdei ng

gl ass-li ke carbon to graphite and by firing the mxture, and the |like, are
appl i cabl e. stTRECH UMD FRENtPBAYHERStREOBFILOW P TET i@ t3 3@ Thernciear by

t he above-nentioned detail ed explanations of the first and second
enbodi ments.F1G. 8 is formed into a rod shape as a separate piece, and

a through hole is formed in the step portion 35d of each

( of the heat—emitting bloeks 35a and 35b so that the
rod-like projected portion is inserted into the through
holes in the heat-emitting blocks 35a and 35b and the
thorough hole 24a in the heating element 24. With this
structure, the heat-emitting blocks 35a and 35b can be
processed easily, and the cost of production can be
reduced.

The heat-emitting block formed of graphite
having conductivity and an electrode terminal function is
explained as an example in the first and second
embodiments; however,; the material of the heat-emitting
block is not limited1x)graphité; various materials having
heat resistance up to 1200°C, good electrical conductivity
and good thermal conductivity are applicable. Since
graphite itself is low in hardness and strength for example,
various materials enhanced in hardness and strength, such
as a material obtained by mixing a carbide, a nitride, a

boride, etc. with graphite and by firing the mixture, a



In accordance with the present invention, the heating portions can be
prevented fromf using and breaking during use for a long tine, whereby it
is possible to obtain an infrared ray |lanp having high reliability and | ong
life. The infrared ray |lanp of the present invention uses a heating el enent
formed of a carbon-based substance and forned into a rod-Ilike shape instead
of the conventional tungsten spiral fi#8&nment, and the infrared ray
emission rate of the rod-like carbon-based substance s hi gh, 78 to 84%

for this r 8&GF Ithe P hri 8PPV IddRidaites S a]tJek%fC?’ﬁEOPnFPaQEGPPéﬁq anp is
high. Furthernore, since the rod-like carbon bfsed subst ance, . has _a
negative té‘r%% O3 e Ehdr BREePE &G St et nt R el 1KEsi aren PR bheRB1&: t he
tenperature rises, ossi ble . to reduce the rush rrent at the tine
when the infrared réyh?aﬁﬁeﬁﬁnﬁhéﬁﬁﬁﬂﬁﬁ?niR@@nfﬁ&nﬁ%ﬁiQW%ﬁa Bhrfect
Furthernore, since the infrared.ra of t he invention is

struct ur ed SUBRIENGL S ERP RS 2BRYS |'P1‘§ broges ﬁﬁ@ar’ré““g‘ﬁ)(?d‘%%?ﬂif‘ﬂﬂsc y are
bonded to th end ortions, of the -I| e carbon based heating el enent,

the resist Fﬁ@ 5oﬁPH%t358Fﬂ%%ﬁ”?%% RBEE TR g element - 49 and the

heat-enittlng blocks t the ti of he can educed, . and t erature
i ncrease can be | overgd, 2CGRES C?twfgh %?lﬂ%? TSI gAAREERe Ry Sﬁ%ﬁnce

the rell ?3@%4%855%%%%% 6 AL BLLOP, BRTEL 90 EHRBELIRY 1%g the
duringuseforailongtime,wherebyji:ispossibletoobtain
an infrared ray lamp having high reliability and long life.

| The infrared ray lamp of the present invention
uses a heating element formed of a carbon-based substance
and formed into a rod-like shape instead of the
conventional tungsten spiral filament, and the infrared-
ray emission rate of the rod-like carbon-based substance
is high., 78 to 84%; for this reason, the infrared>ray
emissioﬁ rate of the infrared ray lamp is high.
Furthermore, since the rod-like carbon-based substance
has a negative temperature characteristic wherein the
resistance lowers as the temperature rises, itjj;poésible
to reduce the rush current at the time when the infrared
ray lamp of the present invention is turned on.

Furthermore, since the infrared ray lamp of the

present invention is structured such that the heat-
emitting blocks having good conductivity are bonded to the

end portions of the rod-like carbon-based heating element,

the resistance of the contact between the heating element



present invention has the structure wherein the projected and recessed
portions are forned between the rod-like carbon-based heating el enent and
the heat-emtting blocks and then bonded and fired via the carbon-based
adhesive. Because of this structure, the strength of the bonding portions
of the infrared ray |l anp of the present invention becones high.
Furthernore, since the rod-1ike carbon Bdséd heating el enent and the

adhesi ve for 4(? {l]fbnghte & _mﬂfgmﬁt E:biolerl%]% pgjéstﬁ%e tfigf[é:rgésj? q{egkginlrgarcwer eby

material, tHe ermal” expansi o Icients are St m-rar,

it is possible LoapraY d& aahtallye el abl ¢ Jaddar edanay, d anp, pat causi ng

any accidents; such as * breakage,” during on-o i'ng operation for a

long tine. dﬁﬁge%glsggqrﬁe,iéi ?Sgs'éﬁ)telheztf]b'cts%%j_%eégﬁ@%%h%nl{a%éi i

car bon- base el enen n eat- "emtting ocks Tare boﬁ&éd by the.

fitting due Lo 4 hg:1400A00HeRE 0N ddWe P 0LeGhft 210 EFEASSRA PPBRIONS and by

usi ng the car S esive is used 1 n the presen ventron, it

possi'bl e to enhance wopkahildiio20d ke IAISLAAUA ildy 2 ahbeold Ty Of the

bondi ng. I n accordance with the nethod of producing th Infrared ray

lanp of the ﬁgégﬂtt L AYERL 1 h Hd's ithd et @urb Qvoblaif @neigpgg JAld gbl e

infrared ra anp characterized in that its power consunption es not
change abnorimf! ¥ @it §5r¥3@ dPrafe! 0BG mldd e BRdchhathe thEaheLINg

portions are prevented fron1fUS|ng and

carbon-based heating element and the heat-emitting blocks
and then bonded and fired via the carbon-based adhesive.
Because of this structure, the strength of the bonding
portions of the infrared ray lLamp of the present invention
becomes high. Furthermore, since the rod-like carbon-
based heating element and the adhesive for joining the
heat-emitting blocks are formed of similar material, their
thermal expansion éoefficients are almost similar,
whereby it is possible to provide a highly reliable
infrared ray lamp not causing any accidents, such as
breakage, during on-off switching operation for a long
time. Furthermore, since the structure wherein the
rod-like carbon-based heating element and the heat-
emifting blocks are bonded by the fitting due to the
engagement of the projected and recessed portions and by
using the carbon-based adhesive is used in the present
invention, it is possible tc enhance workablility and to

raise guality at the time of the bonding.

In accordance with the method of preoducing the



breaking during use for a long time; furthernore, it is possible to enhance
wor kability and to raise quality at the tinme of the assenbly and bondi ng.
((Third enbodi nent)) Next, a third enbodi nent of the present invention wll
be described referring to the acconpanying draw ngs. However, the
material s, 'sizes, production nethods and,the like of the enmbodi nent

descri bed below are only exanples preferable for an enbodi nent of the

present i nvghgy The vaPRhiCak! €né 3aes Ofi [2] XY , ljRveat 1
t heref ore not %%?nggbgathe?e exanples.SPaFtbﬁg) o?ﬁg%G}Q9§?sﬁggSﬁ§ﬁiziew

showi ng an {&afgaead 4 ay hagR1vn raccoidaace nwWidtdy- & ferhhi ndgnbodi ment  of
the present invention, and part (b) is a front view thereof. In addition,

FIG 10 is aperapeeld e ¥i W t3how Ngst E@wie'}f 'S R8uhg¥ 1odMd s FhGt 9.
However, since the central portion of the infrared ray |anp can be

under st ood f&oa hat Bpaosden a0l idnsn oM idkd o F IQW6ey rildee Ger halat
portion of the infrared ray lanp is not shown in either of the figures. The

infrared raychanpe@ftitdhe pbitdoarEpadi srepteoln tMIPE SRS fasSURSt apgi al |y
cylindrical glass tube 301, netal foil sheets 305 enbedded in both and

portions 30lgregkitly St Bs§ twbe £3Q1.a adeptt pges! Entn SO0 her matd cad | y
seal ed inside the glass tube 301, heat-emtting bl ocks 303 secured to both
end portionsp®éstbachaat igwgh&hererborXdhility and to raise quality at

the time o0f the assembly and bonding.

(Third embodiment)

Next, a third embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples.

Part (a) of FIG. 9 is a plan view showing an
infrared ray lamp in accordance with the third embodiment

T of the present invention, and part (b} is a front view
thereof. In addition, FIG. 10 is a perspective view
showing the infrared ray lamp of FIG. 9. However, since
the central portion of the infrared ray lamp can be
understood from both side portions shown in the figures,
the central portion of the infrared ray lamp is not shown

in either of the figures.

The infrared ray lamp of the third embodiment



internal |ead wires 304 for connecting the heat-emtting blocks 303 to the
netal foil sheets 305, and external |lead wres 306 for connecting the netal
foil sheets 305 to an external electric circuit. The glass tube 301 is
formed of quartz glass. The cylindrical portion of the glass tube 301 is
about 10 mmin outside dianeter, about 1 mmin thickness and about 360 mMm
in length. The sealing portions 301c at bath ends of the cylindrical
portion are each forned into a plate shape, and an argon gas havi ng

at mospheri c peepsises 2 $ubb&anitist bby t A ldpldmide 2 tablpsrst itonbe TAE lheat i ng
el ement 302 is formed of a carbon-based substance consisting of a m xture
of crystal Imegtdlcirbdn st 2s3@P aphbeddesd dasibstldhend g eet dapgs St
substance such as a nitrogen conmpound and anorphous carbon. The resistance
val ue adj ustefrithisgisassceibe IR ked headding e tgreenési 82 droenet ichd Yreat i ng
el ement 302. This resistance val ue adjustnent substance is used to nmake the
resi stance vatadéedfinhédigehbenglaréntabe H hhdreahanmifdtingt bd dwdes i3y

el enent formed of only carbon. - 52 The heating elenment 302 in accordance
with the thsedugstodiomdthand Eﬁﬂ”é‘t:éoﬁﬁasé RRE Mgt 1hY ckhessnit 382 0. 5
mm a width T of 1.O nm (= 2t), 2.5 (=5t) or 6.0 M (= 12t) and a

length of abbutesng lmheadbuehiess 10é f%a@%ﬂﬂé&tﬁlﬁb@ dhemdra Bo2MhAEIME a

width T of 6.0 nm (=
blocks 303 to the metal foil sheets 305, and external lead

wires 306 for connecting the metal foil sheets 305 to an
external electric circuit.

The glass tube 301 is formed of quartz glass.
The éylindrical pertion of the glass tube 301 is about 10
mm in outside diameter, about 1 mm in thickness and about
360 mm in length. The sealing portions 301lc at both ends
of the cylindrical portion are each formed into a plate
shape, and an argon gas haviné atmospheric pressure is
filled inside the cylindrical portion.

The heating element 302 is formed of a
carbon-based substance consisting of a mixture of
crystallized carbon such as graphite, a resistance value
adjustment substance such as a nitrogen compound and
amorphous carbon. The resistance value adjustment
substance is mixed to adjust the resistance of the heating
element 302. This resistance value adjustment substance
is used to make the resistance value c_Jf the heating element
higher than that of a heating element formed of only

carbon.



12t) is shown in FIGS. 9 and 10. The heat-emtting bl ocks 303 secured to
both end portions of the heating elenent 302 are fornmed of a carbon-based
substance simlar to that of the heating elenent 302. The shape of the
heat-em tting bl ock 303 has a substantially cylindrical shape having about
6 Mmin dianeter and about 20 mmin length. A slit 303a, in which the

| ongi tudi nal end portion of the heating BRenent 2 is inserted, is fornmed in
the end face 303b of the heat- emtting block 303 opposed to the heating

el ement 302 so as to PaRsheAtddgh 9tyneRht éP2 FReREAT I ePeteAn SNy
fitted into this_ slit 303a and secured to the heat-er_n'ttingt bl ock 303. The
internal | eddi4¢eeBB2L8e U Fi GhP? tearsiARP t Ra Vdadt ral tpbFEnEs ft t he
heat-em tti g%bl ock 303, t,hereb%( farmng a cl ose-contact portion 304a. The
cross- sect | Hal0 a? eBAVof t He-Heht L efift ti-Hg Wi Gek2 803 i2s Tdi i &F edtflly 9%r ger
than the cross-sectional . area of the heating el ement 302 (about nine tines
or more i n %He™Whild léfdodittet e (Hsitddhe & VAIMR- ofigRever . the

heat -em tti \rigq bl ock 303 is therefore sufficjently S_?| ler than_the
resi stance PAtafe ofeRhEMFe R HYC Brendift PR N As2- WES T, T 1 § : OWABh (&

current flows through_the h_eat#,ggsel egrrent jB_ 2 and the heating el enent 302
gener ates hett) thd RBRM™ gbhel 4FSon ht2tRelfeat-enitting bl ock 303 itsel f

S Lty ety sl Len VR0 IR A5 0 O PRI 3 ena

portions of the heating element 302 are formed of a
A carbon-based substance similar to that of the heating

element 302. The shape of the heat-eniitting block 303 has
a substantially cylindrical shape having about 6 mm in
diamefer and about 20 mm in length. A slit 303a, in which
the longitudinal end portion of the heating element 2 is
inserted, is formed in the end face 303b of the heat-
emitting block 303 opposed to the heating element 302 so
as to pass thfough its center. The heating element 2 is
fitted into this sl1lit 303a and secured to the heat-emitting
-block 303. The internal lead wire 304 is wound tightly
around the central portion of the heat-emitting block 303,
thereby forming a close-contact portion 304a.

'.The cross-sectional area of the heat-emitting
block 303 is sufficiently larger than the cross—sectional.
area of the heating element 302 (about nine times or more
in the third embodiment). The resistance wvalue of the
heat-emitting block 303 is therefore sufficiently smaller

than the resistance value of the heating element 302. As



heat is transmtted fromthe heating elenent 302 to the heat-emtting bl ock
303, part of the heat is emtted from the surface of the heat-emtting

bl ock 303. As a result, the anobunt of the heat transmtted fromthe
heat-emtting block 303 to the internal lead wire 304 is very scarce, and
the internal lead wire 304 is therefore not overheated. The internal |ead
wre 304 is forned of nolybdenum or tung3ten, and is a conductive wire of
about 0.7 mmin diameter. The internal lead wire 304 has a spiral coil
portion 304 ¥eEMNdki nghieie acres&ecohfdetv HohtoorsBdde hicuhdn arobadenive
heat-em tting bl ock 303. The spiral coil ortion 304b is larger than the

cl ose- cont aé® pamd dha802aatbpdaBd@mEnt Q‘gz 199 aFaite sditewet erthanbieps
provided so as to be coaxial with the center axis of the heat-emtting

bl ock 303. UeassiREaPncal PortR6ALIGML L siggspdosdk a¥dy iftsehf hesside face
of the heat-emtting block 303 by a predeterm ned distance so that it can
expand and é&odtfiagientilfesaaddiqar shahdg it trfe the &eadi keets bamen &t BO 2heat -
emtting block 303.. In addition, one end of the internal lead wire 304 is
secured to @Re RPN bPEeshRete3051BFd LALRPI-ng INAR IEHE k9T DELRSEERD! v,
the internal lead wires - 54 304 on both sides are pulled so that each of

t hem becomededonger “BABEM T tif obF REr &0 NEAHER T oRGPIEd hal © Hi FectRén
than its nornal _Iength,_ V\h%rebcéﬁ{)}ge heaté{lgqiltehneenteé%ozsi s secured. As
described ab&AL - §RTEihe AP Ut MR Tt t heat is emitted from
the surface of the heat-emitting block 303. As a result,
the amount of the heat transmitted £xrom the heat-emitting
block 303 to the internal lead wire 304 is very scarce,
and the internal lead wire 304 is therefore not overheated.
The internal lead wire 304 is formed of
molybdenum or tungsten, and is a conductive wire of about
0.7 mm in diameter. The internal lead wire 304 has a spiral
coil portion 304b following the close-contact portion 304a
wound around the heat-emitting block 303. The spiral coil
portion 304b is larger than the close-contact portion 304a
by about 0.5 to 1.0 mm in diameter, and is provided so¢ as
to be coaxial with the center axis of the heat-emitting
block 303. The spiral coil portion 304b 1s disposed away
from the side face of the heat-emitting bleck 303 by a
predetermined distance so that it can expand and contract
like a coil spring in the axial direction of the heat-
emitting block 303. In addition, one end of the internal
lead wire 304 is secured to the metal foll sheet 305 by

crimping. At the time of assembly, the internal lesad wires



heating elenment 302 is electrically connected to the netal foil sheets 305,
and pul |l ed appropriately to both sides thereof by the internal |ead wres
304, thereby secured stably. At this time, the heating elenment 302 is
secured so that the center line of the heating el ement 302 in the

| ongi tudi nal direction thereof is aligned with the center axis of the glass
tube 301. In addition, the spiral c0|I‘p59t|on 304b of the internal |ead

{1 v Chr ougf 1 ””Cg'fﬁs"’fag“egré%tg@&% d‘*%h HTEATED of a3 Rl s
heat, the tg ’Yfgﬁéﬁt% Etoﬁdﬁrﬁ%d‘@@& ”?Hte ﬁgﬁ aﬁ‘cqléﬂ?aﬂ'%ﬁectﬂb n 301

are ralsed by e hea t hey un herna xpanS|on ime, a

thermal St I G35,,00EULS ot leme%gehhe%' A8 54 SRR 1302 B0 L henhass dahe

301 because © e di erence fwéen thert”t hermal ex ston coefficrents.
Thi s thernals§t £88 3 absorbed by the elasticity of the spiral coi
portion 304b-° Because of this structure, in the third enbodinent t he

connection between thﬁsﬁf@%cf%tetd nggleoclinsgﬁ a@qtgﬁeeﬁgga er ntg?get

305 via the internal lead wre 304 Is not inpaire

stress. The @:Lngc’éieﬁaﬁect389%%&@Pﬂ%@qwhfo%em_s@&% @Pém@t@labout

3 mMmmby 7 mm nm (t hi ckness) . he I niner lead wre 304 Is secured

to one end %ifesﬁsta%l Fod | é@@egui%d b b rexteinalcbegdiw 8 806 is

secur ed
thereof by the internal lead wires 304, thereby secured

stably. At this time, the heating element 302 is secured
so that the center line of the heating element 302 in the
longitudinal direction,thefeofis aligned with the center
axis of the glass tube 301.

In addition, the spiral coil portion 304b of the
internal lead wire 304 has a function described below. As
described later, whenaicurfent flows through the heating
elemént 302 and the heating element 302 generates heat,
the temperatures of the heating element 302 and the glass
tube 301 are raised by the heat, and they undergo thermal

'(_ expansiocn. At this time, a thermal stress occurs between
the heating element 302 and the glass tube 301 because of
the difference between their thermal expansion
coefficients. This thermal stress is absorbed by the
elasticity of the spiral coill portion 304b. Because of
this structure, in the third embodiment, the connection
between the heat-emitting block 303 and the metal foil

sheet 305 via the internal lead wire 304 13 not impaired



to the other end thereof. The external lead wire 306 is formed of

nol ybdenum and wel ded to the netal foil sheet 305. Wen a voltage is
applied to the heating element 302 via the external |lead wires 306, a
current flows through the heating el enment 302. Since the heating elenent
302 has a resistance, heat generates fromthe heating element 302. At this
time, the heating el ement 302 enits inffarad rays. Part (a) of FIG 11 is a

graph show the istributipon curve of the intensity of the infrared rays
enitted froﬁﬁ”[ h{*\"eﬁeg A & eﬁgﬁ?sﬁoz of the third enbodiment. Part (b) of
FIG 11 shows the cro ge%%ito

f.1h ' f inf :
| anp of the third enb %. nent aﬁ'avfljon]gitﬁggﬁgt;{fdnsgpg%g%ﬁf’% t .eeﬁllﬁrgl :?%&h%g ;ay
h inth ts_( I 11 h | . di nat
axes on a pihie BaTERRF S AtEs Rl bh A LS 3 RPN RERRRT K et
302 sh in.FlIG_10. | t f FLG 11, .t igin O
corrngﬁdlsm”t% JtnhneeEe']rf‘?%cr1 g%%%#%%?%%%ﬁf%?é efent egéz.bfl EEFg{élleglraa h of

the part (a)eof FA&?y%?%peaxag ues Lgag%armeaédd%?ée ?&aeﬂ@g;g@%&gnaﬁe

. . 01% :
t he em ssi on 1At ensi hé rared rays, an e values in

circunferential,, dif£ELLORS (@K gnAlL ang €S- Wh L {LSPELS 9191 FBE 368NTLEL
axi s on the pl ane. perpengl cular to the axi a?wél rection o t%e ﬁeatl ng
el ement 302.¢ Thesg BRILSI A foHeRi GRA! 84 1Wed to the metal foil sheet
305.

When a voltage is applied to the heating element
302 via the external lead wires 306, a current flows
through the heating element 302. Since the heating
element 302 has a resistance, heat generates from the
heating element 302. At this time, the heating element
302 emits infrared rays.

Part (a) of FIG. 11 is a graph showing the.
distribution curve of the intensity of the infrared ravys
emitted from the heating element 302 of the third
embodiment. Part (b) of FIG. 11 shows the cross section
of the central portion of the infrared ray lamp of the third
embodiment having the heating element 302. The x and vy
axes shown in the parts (a}) and (b} of FIG. 11 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 302 shown in FIG. 10. In
the parts (a) and (b) of FIG. 11, the origin 0 corresponds

to the center axis of the heating element 302. 1In the graph

of the part {a) of FIG. 11, the values in the radial



angles fromthe positive direction of the x axis. The thick solid line 307a,
the thin solid line 307b and the broken line 307c in the part (a) of FIG
11 designate the intensity distribution curves in the case when the width
T of the heating element 302 is 6. 0 mMm 2.5 mmand 1.0 nm respectively.
Since the thickness (t) of the heating elenment 302 is 0.5 mm the intensity
distribution curve 307a i s obtained in tR& case when the width T (6.0 mMm

of L heat|an sheTeil. 3025Laotdle, Lhe hLAIILY ity 1R gucve SO7D i

obt ai ned in case when of "'the heating él'enent 302
. 5t q . . di . . 2070, | . ot

when the i dURETEEET & TH5 “of Pihe Heal TRG o8 drbnt " Ea0g At e= Fh e Rt g
mbodi t, it jt LSitrd i .es, 3 7 0

measur oa ab SHESEERERY (¥t dA g eg i hRpsid N B TRE soow

infrared raYaJ{%gpon mﬁgé‘ié%egfeﬁsgﬁmﬁ%g%tESthEOHngﬁr dEQ‘ceaoq{f&%r@E

lanp. In a condition ern i are emtte om the Tnfrared

ray | anp Staﬁhgahéﬁ%i%@wﬂﬁe§z 385 the ier%Ier %B?lﬁygﬁgidggggﬁaﬁ%@tb

position | ocate constant di stance (abou e center

line (the o£}giBd0afod! Enelpooitihe AELING: G CRRN 302 | Dicig direct ion
perpendi cul ar Thereto. At this tinme, the anount of infrared rays reaching a
predetermined mnute che thick solid line 307a, the thin solid line
307b and the broken line 307c in the part (a) of FIG. 11
designate the intensity distribution curves in the case
when the width T of the heating element 302 is 6.0 mm, 2.5

mm and 1.0 mm, respectively. Since the thickness (t) of
the heating element 302 is 0.5 mm, the intensity
distribution curve 307a is obtained in the case when the
width T (6.0 mm) of the heating element 302 is 12t, the
intensity distribution curve 307b is obtained in the case
when the width T (2.5 mm) of the heating element 302 is
5t, and the intensity distribution cuxve 307c is obtained

in the case when the width T {1.0 mm) of the heating element

{ : 302 is 2¢t.

In the third embodiment, the intensity
distribution curves 307a, 307b and 307c were measured as
described below.

First., a constant voltage is applied to a 600W
infrared ray lamp, and infrared rays are emitted from the

infrared ray lamp. In a condition wherein infrared rays

are emitted from the infrared ray lLamp stably, the amount



area at a predeterm ned position is neasured. This neasurenent is repeated
while the angle with respect to the heating elenent 302 is changed, with
the distance from the origin O being maintained constant. As the result of
this measurenent, the intensity distribution curves 307a, 307b and 307c
shown in the part (a) of FIG 11 were obtained. As indicated by the
intensity distribution curves 307a, 303y and 307c shown in the part (a) of
FIG 11, the directivity of the intensity of - the infrared rays enmtted
from the heafi AfecciafaareadorpEsohEsnpaghidcedsat e Peatitd of kdeatiedtia T to
the thickness t of the heating elenent 2 becomes higher. Wien T ? 5t in
particul ar, cepagttants diitanene deps 390 tHe) dvRh fre® the e ERFessne i s
five or nore, the emission intensity in the y axis direction is

si gni fi cant (fhieower @ Han0 t #ft FLF t Hel k @i Bhedheadiivg. e heew tthel P Af £ar ed
rays are emtted unequally as described_above, for exanple, when only a

pr edet er ni nad d4TRHGHO R SPEEDIGTEH. ¢ L BE ﬁ&%ﬁﬁﬁotheAFe@Uﬁﬁsﬁbﬂﬁdlﬁh%laced
on the x axis. On the contrary, when only the predeterm ned region is not
desired to baoweskt &f iherarsg ragdi ditdhdbng Beﬁﬂ%ﬁ%ﬁeéﬁlﬁﬁ%gy“h&P§9 As a
result, in the third enbodinent, the em ssion intensity can have
d|rectlV|tyaréﬁb@ﬂfasHEﬁdﬁqﬁﬁW%%??oﬁoﬁ%ﬁ%P%lehQPQE%EEdForTPHé

conventional infrared ra¥ shoWQ n.the above-npentioned FIGS. 25 and 26
i s not provm&%furement s g%eate whlle the angle with respect to

the heating element 302 is changed, with the distance from
f the origin 0 being maintained constant. As the result of
this measurement, the intensity distribution curves 307a,
307b and 307c shown in the part (a} of FIG. 11 were obtained.

As indicated by the intensity distribution
curves 307a, 307b and 307¢ shown in the part (a) of FIG.
11, the directivity of the intensity of the infrared rays
emitted from the heating element 302 becomes higher as the
ratio of the width T to the thickness t of the heating
element 2 becomes higher. When T = 5t in particular, that
is, when the ratio of the width T to the thickness t is
five or more, the emission intensity in the y axis
direction is significantly lower than that in the x axis
directibn.

When the infrared rays are emitted unequally as
described above, for example, when only a predetermined
region is desired to be heated, the region should be placed
on the x axis. ©On the contrary, when only the

predetermined region is not desired to be heated, the



The heating elenment 302 of the third enbodinent is fornmed of a carbon-based
subst ance consisting of a mxture of crystallized carbon such as graphite,
a resistance val ue adjustnment substance such as a nitrogen conpound and
anor phous carbon. As descri bed above, the carbon-based substance used as
the material of the heating elenent 302 has an infrared ray em ssion rate
hi gher than those of the conventional _.ngghrone and tungsten. For this
reason, when the carbon-based substance is used as the heating el enent 302
of the infrareafioayshawl,d tbhe pehtied encytmé vhexdmi.ssiaen 4 roastihe heiii ng
el ement 302 is higher than those fromthe conventional heating elenents.
Furt her nor e, tlst ntieirkde emdgidimace .vadlive ehislsd orhert tagsdltgnerdn 3B2vaf t he
third enbodi ment is higher than those of the conventional heating el enents,
even if the disngfaiwidiyeaecofent He Iseath ry el fehemt ihavp hg tehesshape ofsed rod,
a plate or the like is smaller than those of the conventional heating

el ements, thehethengosivearehiosad lenitaraflr aeed Yaws bhhwiwng suf fhei ent
intensity. As a result, since the surface area of the heating el ement 302 -
59 is snul larothanenfdsmaed FhE€ScodEnendndlt Heatiol prewenisd. heat

em ssion fromthe heating element 302 to the gas around the elenent is
scarce, whereby efficiBheyreadaed 6demiiet t 30 heuli tdvd ddiond fempedhadntat i ng

element 302 is restricted. -
is formed of a carbon-based substance consisting of a

mixture of crystallized carbon such as graphite, a
N resistance value adjustment substancé such as a nitrogen
compound and amorphous carbon. As described above, the
carbon-based substance used as the material of the heating
element 302 has an infrared ray emission rate higher than
those of the conventional -nichrome and tungsten. For this
reason, when the carbon-based substance 1is used as the
heating element 302 of the infrared ray lamp, the
efficiency of the emission from the heating element 302
is higher than those from the conventional heating
elements.

Furthermore, since the resisténce value of the
heating element 302 of the third embodiment is higher than
those of the conventional heating elements, even if the
surface area of the heating element having the shape of
a rod, a plate or the like is smaller than those of the
conventional heating elements, the heating elément can
emit infrared rays having sufficient intensity. As a

result, since the surface area of the heating element 302



Because of the above-nentioned reasons, when a constant voltage is applied
to the infrared ray |lanp, the emssion intensity of the third enbodi nent
shown in the part (a) of FIG 11 is about 20 to 30% hi gher than the
em ssion intensity, shown in the part (a) of the above-nentioned FIG 24, of
t he conventional infrared ray |anp having the heating el ement 240 fornmed of
nichrome or tungsten. In the part (a).okgFLG 11 and the part (a) of FIG
24, the concentric gradations for the emssion intensity indicate simlar
i ntensity valsemalkspeadtdehy.s dHolieviee cdriree i adbnidlah et the atliamge et enent
302 is fornmed of the carbon-based substance is not essential in the
present invedavbnemBEseriod fhemhedta nyge et éngnte 130%enis 30a@r ned dhet yas
conventional nichrone or tungsten, when the width T of the heating el enent
302 is |largeardhad the e fdmekhess scadncd | wherdalep edif hoiencit redupdsisooml e to
obtain emssion intensity having such relatively high directivity as those
i ndi cat ed bydtdetonherssi tgmisséon diromukiies h3Giai mpdeld@fershodd2i it he part
(a) of FIG 11. - 60 Al though the heating elenment 302 of the third
enbodi ment foeskdikciteghral ly into the shape of a rod or plate is explained
as an exanple, the heating elenent of the present invention is not limted
to this kind of shape;Begamsallaf dbtaiaeevdymbinddiane ¢l neak onsd- [When nenber s
for
constant voltage is applied to the infrared ray lamp, the
emission intensity of the third embodiment shown in the
part (a} of FIG. 11 is about 20 to 30% higher than the
emission intensity, shown in the part (a) of the
above-mentioned FIG. 24, of the conventional infrared ray
lamp having the heating element 240 formed of nichrome or
tungsten.

In the part (a) of FIG. 11 and the part (a) of
FIG. 24, the concentric gradations for the emission
intensity indicate similar intensity values
respectively.

However, the fact that the heating element 302
is formed of the carbon-based substance is not essential
in the present invention. Even if the heating element 302
is formed of the conventional nichrome or tungsten, when
the width T of the heating element 302 is larger than its
thickness £t by five times or more, it is possible to obtain
emission intensity having such relatively high

directivity as those indidatedtnfthe‘intensity'direction

curves 307a and 307b shown in the part (a) of FIG. 1l1.



exanpl e may be used as a whole to forma heating nmenber. Furthernore,

al though the infrared ray lanp of the third enbodi nent having the em ssion
bl ocks 303 is explained as an exanple, the present invention is not
limted to this kind of structure. In the case when the anount of the heat
transmtted fromthe heating elenent to the internal lead wires is scarce
to the extent that the internal |ead w ©&s -are not overheated for exanple
in accordance with the specifications of an infrared ray lanp, the
structure wherein the BhtEGH bEBEkSeRtel i etefend HSPhpphiccdtitierd
((Fourth enbodinent)) Next, a _fourth enbodiment of the present invention
will be desc@ibedifstdr rfogned tRd e hpEnyPAe Havwiihese pdwéveicd toe
material s, sizes, production nethods and the like of the enbodi ment

descri bed be?bt&réS BFPY AP 23S PRetERABLE f S eFboBPnB TN § Hef
present invention. The applicable range of the present invention 1is

t her ef or e notR®iRH ¢ eELhyL PHERE 18 S| %g.t Papited) torti s kimdiaf $hans: vi ew
showing an infrared ray |la i.n accordance with the_fourth enbodi nent - 61
of the pr ese"ﬁ*\tbli‘%QéﬁtPB%,a pF tPFBE LIRS RIS TASW 1EReMERP e for
addition, FIG 13.is a perspective vie how ng the infrared ray | anp of
FIG 12, HoRYRFPLS) Y Ghe Teftt Al SpBRPREn T6F A 1158 EHRAalfomBRY can be

understood fromboth side ROrilong SO bl N B eSrea ray 1amp of

the third embodiment having the emission blocks 303 is
explained as an example, the present invention is not
limited to this kind of structure. 1In the case when the
amount of the heat transmitted from the heating element
tao tﬁe internal lead wifes is scarce to the extent that
the internal lead wires are not overheated for example in
accordance with the specifications of an infrared ray lamp,
the structure wherein the emission blocks are omitted is
also applicable.

{Fourth embodiment)

Next, a fourth embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples,

Part {(a) of FIG. 12 is a plan view showing an

infrared ray lamp in accordance with the fourth embodiment



the central portion of the infrared ray lanp is not shown in either of the
figures. Furthernore, in the fourth enbodi nent, simlar conponents as those
of the third enbodi nent shown in FIGS. 9 and 10 are designated by the sane
nuneral s, and their explanations are omtted. The infrared ray |anp of the
fourth enbodiment has a reflection film30la for infrared rays in a
constant range on the external face of bhe-glass tube 301 as shown in
FIGS. 12 and 13, in addition to the structure of the third enmbodiment. The
refl ection fof ntBe1@TeE R ol BVERMTLOR | | ANEv®FTiat £B) o St e BRPRENFL9vace of
the glass tube 301 so_as to _have a thickness of about 51.E m This
reflection ¥i¢Re361a F&f 1IEIS5CHB8ut FAGY of 3t hE infRAFEBCLH Y eii8¥d from
t he heating elenent 302. As shown in FIGS. 12 and 13, the reflection film
301a is di spHeUiBgt WBeniphE 2afchiiBhi kAN bifdcks BH3 pEOVRHER -oF 16t
sides, in other words, disposed at_a position opposed to the |ight-
enmitting por¥RRncER e MRAF Fhg el Fnehie 362 R EHe TRENGiIATRI FAN Bfrecti on
thereof. This reflection film 301a has a sem -cylindrical shape, and the
internal facerdegstond HFPR PRt FHACT PPMIZCES i VR pbReb8ot 4§ UEE De

opposed to the wi der side face 30 of the heating elenent 302. Part (a
PP e 14" kel Rt PR (W T oot SOTP OF fRE PRENTS 1y

of the infraigdei%%%gtqygtEQQ %E%ﬂlggg_heating el enent 302 of the fourth

Furthermore, in the fourth embodiment, similar
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fourth embodiment
has a reflection film 301la for infrared rays in a constant
range on the external face of the glass tube 301 as shown
in FIGS. 12 and 13, in addition to the structure of the
third embodiment. The reflection £ilm 301la is a gold thin
film evaporated on the external face of the glass tube 301
so as to have a thickness of about 5i4m. This reflection
£film 30la reflects about 70% of the infrared rays emitted
from the heating element 302. As shown in FIGS. 12 and
13, the reflection film 30la is disposed between the
heat-emitting blocks 303 provided on both sides, in other
words, disposed at a position opposed to the light-
emitting portion of the heating element 302 in the
longitudinal direction thereof. This reflection filim

301la has a semi-cylindrical shape, and the internal face



enbodi nent .

Part (b) of FIG 14 shows the cross section of the central

portion of the infrared ray |anp of the fourth enbodi nent having the
heati ng el enent 302. The x and y axes shown in the parts (a) and (b) of

FIG 14 are

axial direction of the heating elenent 302 shown in FIG 13. In the parts

(a) and (b)

directions desitgratre ilwcenbast biim B0easisylidpbdbed sofdaredbeapppowld t he
directions designate angles with respect to
taxi shanwtilde mplsainke pEapendiocdd arf tiohéhreatijialg dd I emtinan 3af2 . t he

values in the circunferenti al

t he center

ort hogonal coordi nate axes on a pl ane perpendicular to the

of FIG 14, the origin O cogkresponds to the center axis of the
heating el enent 302. 1In the parts (a) of FIG 14, the values in the radial

heati ng el enent 302. These angl es are designated by angles fromthe
positive direction of Phetx (ax) sofTREG.cantehsr ac gyragstat shagihar e

em ssion intensity in the

part (a) of FIG 14 indicate the sanme val ues of

the gradatidbhstrablte qgparduxag 3D7E Gf the lLimtaddsitpnpofatbensh&mtagroier of

600 Wis applied

to the infrared ray |lanp. Since the nmeasurenent nethod

is

the sane as tdps efnitthed hiradmebedimaEttingtslemédt- Xxdlahathenfiommom t t ed.

As indicated by the intensity distribution curve
FIG 14, theemhbpdamedtrayFdrom bhefhEaGi-nd teldirere 302 aresenterdd amwst

307d in the part (a) of

intensely in the positive direction of the x axis, that is, in a direction

of the central portion of the infrared ray lamp of the
fourth embeodiment having the heating element 302. The x
and y axes shown in the parts {a) and (b} of FIG. 14 are
orthogonal coordinate axes on a plane perpendicular to the
axial direction of the heating element 302 shown in FIG.
13. In the parts (a}) and (b) of FIG. 14, the origin 0
corresponds to the center axis of the heating element 302.
In the parts {(a) of FIG. 14, the wvalues in the radial
directions designate the emission intensity 6f the
infrared rays, and the wvalues in the circumferential
directions designate angles with respect to the center

axis on the plane perpendicular to the axial direction of

the heating element 302. These angles are designated by '

angles from the positive direction of the x axis. The
concentric gradations for the emission intensity in the
part (a} of FIG. 14 indicate the same values of the
gradations in the part (a) of FIG. 11.

In addition, a constant power of 600 W is applied
to the infrared ray lamp. Since the measurement method

is the same as that of the third embodiment, its



opposite to the reflection plate 30la with respect to the heating el enent
302 (the right direction in the part (b) of FIG 14) . The maxi num

em ssion. intensity is about 1. 5 tinmes as high as that of the infrared ray
| anp of the third enbodinment. On the other hand, the infrared rays fromthe
heating el enent 302 are hardly emtted in the negative direction of the x
axis, that is, in the direction whereingsthe infrared rays are shiel ded by
the reflection film30la (in the left girection in the part (b) of FIG

14) . \Wen ng@piahgmﬂdd/i@s@m&buﬁﬁpn curve 307d in the part (a) of FIG 14

is conpared with the conventional intensity distribution curve 271
indicated in the partaga)ndotaklk@ bZ6thé e tdi S5 i ot eABItL b e
conventional intensity distribution curve 271 is substantially uniform in

a wide angl®range mexy pix@area)i Bt re@osidivendi ieddHRedofalke peanis. On
the other hand, in the case of the fourth enbodinent, the em ssion
intensity ofipdluadhyihawersmasd 302 dirsd aicet eoMmbbe xnaxinsd Ny the frositive

direction thereof increases. As a result, the emssion intensity in the
fourth enbosh sentivies diafegaridhantthiaé ofathe, condenisonah a 84reexanphe, and
the range wherein the intensity becomes a nmaximumvalue in the fourth
enbodi nent éppoanitemte thanrefiatctihothplavaveotizonalthexamples: t The tmd r ar ed
ray |lanp of the fourth enbodinent 1is thus suited to a case wherein an
obj ect di sposediing eAement 302 (the right direction in the part {(b)
of FIG. 14). The maximum emission intensity is about 1.5
- times as high as that of the infrared ray lamp of the third
embodiment.

On the other hand, the infrared rays from the
heating element 302 are hardly emitted in the negative
direction of the x axis, that is, in the direction wherein
the infrared rays are shielded by the reflection £ilm 301a
{in the left direction in the part (b} of FIG. 14).

| When the intensity distribution curve 3074 in
the part (a) of FIG. 14 is compared with the conventional
intensitydistributioncurve271imdicated:hxthepart(é)
of FIG. 26, the emissicon intensity in the conventional
intensity distribution curve 271 is substantially uniform
in a wide angle range near an area in the positive direction
of the x axis. On the other hand, in the case of the fourth
embodiment,theemissionintensitygraduallylowersasthé
distance from the x axis in the positive direction thereof

increases. As a result, the emission intensity in the

fourth embodiment is larger than that of the conventional



positive direction of the x axis is locally heated for exanple. In the
infrared ray |lanp of the fourth enbodi nent, the reflection film30la is
produced in accordance with the followi ng form ng process. (1) The gl ass
tube 301 is forned into a cylindrical shape. (Step 1) (2) The heating

el ement 302 and the like are disposed inside the glass tube 301, and the
glass tube 301 is hernetically sealed- €%tep 2) (3) Gold is evaporated on
the external face_of the glass tube 301 thereby to formthe reflection film
30la. (SteEB3uByef.odfhgt eI ARSI RBREAN rﬁ%l@%@nééw iRECMgHove, the
reflection film30la can be, formnmed ing the, external shape of the glass
tube 301. AXIBEH Valyfe 1% e“FtI‘%CFP}c/} %‘%qémﬁ&\‘fl AF &F%’E‘gﬁf’at ghan

semi -cylindrical _shape can be faqrned eaS|I% In the above-nenti oned process
for form ng ¥kt F&HF&ﬁl%ﬁPYFPﬁ1 3 &¥BPP3Smay be carrled out before step
2. 65 Furthernore, the refl ection f||ﬁ1£01a ng g med Q{ transfer or
the like, instead of eVBForBEGT e IT2Yhi&MPalE, ¢ Faﬁé?@?t %?FF@&“&Ut as

descri bed bel ow. resi i.is for |Qfo a

1) A |
(T and bortedre ek Bt Ha e Gtad favipadlnt apech J8°ai 300 dn

positive direction of the x axis is locally heated for
example.

In the infrared ray lamp of the fourth embodiment,
the reflection £ilm 301la is produced in accordance with
the following forming process.

{l) The glass tube 301 is formed into a
cylindrical shape. (Step 1)

(2) The heating element 302 and the like are
disposed inside the glass tube 301, and the glass tube 301
is hermetically sealed. (Step 2)

{3) Gold is evaporatéd on the external face of
the glass tube 301 thereby to form the reflection film301la.
(Step 3)

By forming the reflection £film 301a as described
above, the reflection £film 301la can be.formed by using the
ekternal shape of the glass tube 301. As a result, the
reflection £filim 30la having an accurate semi-cylindrical
shape can be formed easily.

In the above-mentioned process for forming the
reflection £ilm 301la, step 3 may be carried out before step

2.



301. (2) The filmbonded to the surface of the glass tube 301 is baked
thereby to vaporize the resin included in the film Transfer is carried out
as described above, and a gold filmis forned on the surface of the glass
tube 301. Since the internal face of the reflection film30la in the fourth
enbodi nent, used as a reflection face, is made close contact with the
external face of the glass tube 301, thgsinternal face does not make
contact with the air. In the conventional infrared ray |anp shown in the
above-nentioned FI G .PRorthhkeneféectihen mdHlec280n £ithsposed wayhba
predet erm ned space provided fromthe glass tube 201; for this reason, the
reflection ffacenefl byhérfaefd feti on phat € 1289, | Snstaiaded iMdhapdhertddrs. and
the like fromthe outside; however, this kind of problemhas been solved
in the fourtin esthiodliceesd, tnahbke€ erodrd kaeniosd ment ,as ke setlibetd belfdd m
30la is fornmed into the shape of the external face of the glass tube 301,
that is, a sem -cylindfti¢ah shapereand rssimgi gbhdihathd gltass dkaferndd
reflection filmcan be - 66 nmaintained at substantially simlar shape for a
| onger tinelntanat fé Lmefanettbhondpldatte 280 usedfhor tdfe titenyéakisoralbe
infrared ray | anp. As described above, in the fourth enbodi ment, the
reflection f30¢In 301a is naintained for a long tine,

(2) The film bonded to the surface of the glass
tube 301 is baked thereby to vaporize the resin included
in the film.

Transfer is carried out as described above, and
a gold £film is formed on the surface of the glass tube 301.

Since the internal face df the reflection £ilm
301la in the fourth embodiment, used as a reflection face,
is made close contact with the external face of the glass
tube 301, the internal face does not make contact with the
air. In the conventional infrared ray lamp shown in the
above-mentioned FIG. 25, the reflection plate 280 is
disposed with a predetermined ;pace provided from the
glass tube 201: for this reason, the reflection face of
the reflection plate 280 is stained with adherents and the
like from the cutside:; however, this kind of problem has
been solved in the fourth embodiment.

In‘the fourth embodiment, the reflecticon film
30la is formed into the shape of the external face of the
glass tube 301, that is, a semi-cylindrical shape, and ié

maintained in the shape. The reflection film can be



and the reflectivity of its reflection face does not lower. The infrared
ray |lanp of the fourth enbodi nent therefore nmaintains its good
characteristics for a longer time in conparison with the structure wherein
the reflection plate 280 is installed in the conventional infrared ray

|l anp. In the fourth enbodi ment, the structure wherein the reflection film
30l1a is forned on the external face of- ﬁﬁe-glass tube 301 is described as
an exanpl e; however, the present invention is not limted to this
structure; BA&NSAARSr %tmﬁé’r%'ﬁf\a%t%@ﬁ-lléfcﬁld‘hl*ff‘FnﬁP@rﬂ?edf% £hdONgR%r nal
face of the glass tube may be used. However, in the case of such a
structure, sgéEGStﬁEﬂ bRec&ehRL bhPN Bdfdre 28 2pusedn ke BBBve- menti oned
process for formn the reflection film,  In the case when the refl ection
filmis fornB@RVER TR At éPfH2FeLe™8F tHR@Ry ass tube 301, the reflection
filmis not exposed to the air, and its reflection face is not stained with
adherents and the Ilke AsrglesRribedegbqve i (58 5ES £ atet ik 2BRDRAdMaAHe-
reflection filmis _forned on he external face of t | ass_ tube 301, the
good char actBFi §ﬁfclse%1fl?ﬁe edtiont ‘flrflﬁf'ﬁlt@%%t%‘gﬁeﬂ fena tge o

| onger tinme wthout ca any hn S arison. wth th
case when th%nfietf]?%crt‘?‘fu)i Fdte 98 %19’53 %Qeeia;otnh a88n RE iTBhar-G%& T ar ed
ray | anp. However si nc the ieflec ern face of

f th
Th orass § ubBCERETHNS ATl ERPLRE Agnplmsal Frihelphgne' Thetitodd

maintains its good characteristics for a longer time in
comparison with the structure wherein the reflection plate
280 is installed in the conventional infrared ray lamp.

In the fourth embodiment, the strueture.wherein
the reflection £film 301la is formed on the external face
of the glass tube 301 is described as an example; however,
the present invention is not limited to this structure;
the structure wherein a reflection film formed on the
internal face of the glass tube may be used. However, in
the case of such a structure, step 3 must be carried out
before step 2 in the above-mentioned process for forming
the reflection film.

In the case when the reflection film is formed
on the internal face of the glass tube 301, the reflection
£film is not exposed to the air, and its reflection face
is not stained with adherents and the like. For this
reason, just as in the case when the reflection f£ilm is
formed on the external face of the glass tube 301, the good

characteristics of the reflection film are maintained for



inside the glass tube, the thickness of the reflection film may be reduced
by evaporation, dispersion and the like, and its reflectivity may | ower.
For this reason, in the case when the reflection filmis forned on the
internal face of the glass tube, the distance between the reflection film
and the heating elenent is required to be set at a sufficiently |arge
val ue. Al though gold used as the materrak70of the reflection film30la is
described as an exanple in the fourth enbodinent, metals other than gold,
such as titanliongart tidee $irpeutareRrasintnamy cdrabgessedtivetaime dmavi ng
high reflectivity for infrared rays and being stable at high tenperatures
are appl i capt@EpTHé sPef Wadth &R g iR ot hdAn g af beaitd oy bilidre 380 shape i s
descri bed as an exanple in the fourth enbodi nent; however, the present
invention i sigRd Epm ttdf $ONVERS iHupk; 10AFREES! shapesd @R apRWedhlke in
consideration of the reflection direction of infrared rays. Instead of the
sem - cyl i ndrikafeshBperefde Shiape Bila parmedoPrg tdig cirfegngds dssisn oF an
ellipse in cross section for exanple may be used as the shape of the
reflection fitenglasy tURG MPErHD IO FACT & s Sl 8 1t usRMAIFPE ¢ Gfed of
a conbination of plural straight Iinesh_such as a gart of a pol y%o_n (the
shape of thel?eif8rthdIB&THE T ot &L LISHASE DP T th& REGBP)C ook Tsiidpe
formed of a conbinatiqon of strai ght and curved lines (the shage of the
letter U may be reduced by evdporation, dispersion and the like,
and its reflectivity may lower. For this reason, in the
case when the reflection film is formed on the internal
face of the glass tube, the distance between the reflection
film and the heating element is reguired to be set at a
sufficiently large wvalue.

Although gold used as the material of the
réflection £film 30la is described as an example in the
fourth embodiment, metals other than gold, such as
titanium nitride, silver and aluminum, can be used; metals
having high reflectivity for infrared rays and being
stable at high temperatures are applicable.

The reflection film 301la having a semi-
cylindrical shape is described as an example in the fourth
embodiment; however, the present invention is not limited
to this shape; warious shapes are applicable in
consideration of the reflectiondirection of infrared ravs.
Instead of the semi-cylindrical shape, the shape of a part

of a circle, a parabola or an ellipse in cross section for

example may be used as the shape of the reflection film.



for exanple) or a flat shape in cross section. The shape of the reflection
film30la should only be a shape suited for obtaining the desired
directional distribution of the emssion intensity of infrared rays. To
formthe reflection film 301la having this kind of shape, the portion of the
gl ass tube wherein the reflection film30l1la is formed by evaporation or the
li ke should only be formed into a shapesgorresponding to the desired shape
of the reflection film this can be attained easily by taken the nethod of
form ng the Fufteermemef.i |t 303apgesct bedtobefser @ $1RPRL If wrdedi wenty )
Next, a fifth enbodi nent of the present invention will be described
referring tcameinatémpapfi iy uBrRAwsigs 1 Hihwelenest.he YRl erfaPsPagitzest
production nethods and the like of the enbodi nrent described bel ow are only
exanpl es pref grabyeohot the ehbodi wentthyf lidiet prederioriewanpilen ( othe he
applicable range of the present invention is therefore not limted by these
exanpl es. Pahapa)oéf aFPetmb k) aopl an s shourag &f 3 rfompéaatayon anp
in accordance with the fifth enbodi rent 69 of the present invention, and
part (b) is @f §bREIGREWATIhETEBT A Aladd tiohe rharered sthe peB&pEt iVe
view show ng the |nfrared ray |anmp of FIG 15. However, since  the central
portion of tHRTiG¥3BP&A 8y ‘Fa%aéaﬁhﬁé’e RIEFSITOF F5 BhPBot hTERIENFRR i ons

shown in the fltgwres
e reflection £ilm 30la should only be a shape suited

for obtaining the desired directional distributiocn of the
emission intensity of infrared rays. To form the
reflection £film 301la having this kind of shape, the portion
of fhe glass tube wherein the reflection film 30la is
formed by evaporation or the like should only be formed
into a shape corresponding to the desired shape of the
reflection £ilm; this can be attained easily by taken the
method of forming the reflection film 30la described
before.

{Fifth embodiment)

Next, a fifth embodiment of the present
invention will be described referring to the accompanying
drawings. However, the materials, sizes, production
methods and the like of the embodiment described below are
only examples preferable for an embodiment of the present
invention. The applicable range of the present invention
is therefore not limited by these examples.

Part (a) of FIG. 15 is a plan view showing an

infrared ray lamp in accordance with the fifth embodiment



the central portion of the infrared ray lanp is not shown in either of the
figures. Furthernore, in the fifth enbodi nent, the sane conponents as those
of the third enbodi nent shown in FIGS. 9 and 10 are designated by the sane
nuneral s, and their explanations are omtted. The infrared ray |anp of the
fifth enbodinment has a reflection film301b for infrared rays in addition
to the structure of the third enbodi nentgg j.ust as in the case of the
above-nentioned fourth enbodi mrent. However, in the infrared ray |anp of the
fifth enbodifmethe phesaet| tatieort foh m 3Qdb pascif ot bpdian 4 herenteraw f ace
of the glass tube 301 at a position different fromthat in the
above- nent itdieede b6ur t Anerdsbili enh., AXGoubh tike ar gfd espeon ifid mrB&%a of the
fourth enbodinent is disposed so as to be opposed to the w der side portion
2a of the dteawing thenenfra3d2d HaG5.14Rp anfl F1I3}. ,13 he Hedewetd,os ifidan 301b
of the fifth enbodinent is disposed so as to be opposed to the narrower
side porti orh@bcehtitael heattngnelehehhe302 L rEeedareyi dlamg hgknbss,
reflectivity, shape and form ng nethod of the reflection film 301lb of the
fifth - 70 ureddodtprent faran digthasife phosd wfs tewoweflectheonfiglmed0la of
the fourth enbodinent. Part (a) of FIG 17 is a graph show ng the
di stributi orhewart8eilepof ttien il drfse tinHrarnd ralr dray lrSa;AQteﬁihtOtved from
the heating elenent 302 of the fifth
in either of the figures.

Furthermore, in the fifth embodiment, the same
components as those of the third embodiment shown in FIGS.
9 and 10 are designated by the same numerals, and their
explanations are omitted.

The infrared ray lamp of the fifth embodiment
has a reflection film 301b for infrared rays in addition
to the structure of the third embodiment, just as in the
case of the above-mentioned fourth embodiment. However,
in the infrared ray lamp of the fifth embodiment, the
reflection film 301b is formed on the external face of the
glass tube 301 at a position different from that in the
above-mentioned fourth embodiment. Although the
reflection £ilm 301la of the fourth embodiment is disposed
so as to be opposed to the wider side portion 2a of the
heating element 302 (FIGS. 12 and 13), the reflection £ilm
'301lb of the fifth embodiment is disposed so as to be opposed
to the narrower side portion 2b of the heating element 302.

The material, thickness, reflectivity, shape

and forming method of the reflection £ilm 301lb of the fifth



enbodi ment. Part (b) of FIG 17 shows the cross section of the central
portion of the infrared ray lanp of the fifth enbodi nent having the heating
el enent 302. The x and y axes shown in the parts (a) and (b) of FIG 17 are
ort hogonal coordinate axes on a plane perpendicular to the axial direction
of the heating elenent 302 shown in FIG 16. The x axis corresponds to the
t hi ckness direction of the heating el engft 302, and the y axis corresponds

to the wdth direction thereof. In_th arts an b), of F|¢ 17, the
origin 0 corf®RPGATE A KeS CBALAT 59i§“§?et%(&¥ﬁ5ﬁ%ﬁé€%‘f%ﬂ%rﬁ&'ﬁﬁoiLﬁ t he
part (a) of F%G% 17,. the valugs in the radial directions designate the

eni ssion i nt@hsFPy LT HR PRPP Mays, and the values in the

i nf tial di i i I W th t.to.th t '
i S on i he piane per pEATECAST 05 FRE adtbr LB Pods AT o bRHE F b Png.
Gl rect on_of 2 AEEE TRHAST AuEv ECIDIRTPEC cBb, d AR Fo Ok BighER e are
directi on of 15 0 tric gra 0 rth i (o)
i nt it i th I f_FI 7.1 i te th I f .t.h
or adat ons. TFePReeRlat 18] eBprpde ek PEhElid dfEnta M A APl SF R 600

Wis appl i edosoBhsdtdht e SaLrared pavehany Siiest ey easycenerl et od

is the sane %@bgéﬁt 0 h odi ment, i ts atrTon™i S oni gd. I n

the infrared ﬁ?"ﬁ %%@Eaigbf%%ieaﬂ SRed FERla rd 018 RPSLELVE s A 84 £y, Of

the y axis (? rection
embodiment having the heating element 302. The x and y

axes shown in the parts (a) and (b) of FIG. 17 are orthogonal
coordinate axes on a plane perpendicular to the axial
direction of the heating element 302 shown in FIG. 16. The
x axis correéponds to the thickness direction of the
heating element 302, and the y axis corresponds to the
-width direction thereof. In the parts (a) and (b) of FIG.
17, the origin 0 corresponds to the center axis of the
heating element 302. In the part (a) of FIG. 17, the values
in the radial directions designate the emission intensity
of the infrared rays, and the values in the circumferential
directions designate angles with respect to the center
axis on the pliane perpendicular to the axial direction of
the heating element 302. These angles are designated by
angles from the positive direction of the x axis. The
concentric gradations for the emission intensity in the
part (a) of FIG. 17 indicate the same values of the
gradations in the part (a) of FIG. 11.

In addition, a constant power of 600 W is applied



arrow of the y axis in FIGS. 16 and 17) is the direction of the internal
face of the reflection film301b. As shown in the intensity distribution
curve 307e of the infrared ray' emission in the part (a) of FIG 17, the
em ssion intensity of the infrared rays fromthe heating elenent 302 in the
vicinity of the y axis in the positive direction thereof is |ower than that
inthe wvicinity of the x-axis directieoen7lOa the y axis side in the
negative direction thereof, emssion is restricted by the reflection film
301b as a rrettOté'fh%fl%%Eﬁl§@d Wi LABPI-nt EASIAY HREt PPBELTENUF VBSERP Bf t he
conventional infrared ray np shown in the part (a) _of the above-nentioned
FIG 26 is dénpgdtedS#reh at%aYhﬁF Prfe the f thiEApSHRGRALMeRRe digi e range in
the direction wherein the em ssion intensity is highin the fifth

embodi ment €XPAFRREIPRa ¥ HAIPIES eChe conventional exanple. As a result, the
infrared ray lanp of the fifth enbodinent is suited, for exanple, in the

case when the center bF Wif ofje@T ¢S B hédteati Ehﬁl%’c%ﬁhé‘ﬁ"tt%lve&ﬁfs of
the infrared ray Ia in the ositive dlrectlon thereof . and .in the case -
when the entfiY%ePRIS Jf‘é‘é b?etgl’femcfbfécf' 22Y 3%1Bel hB&t QYT eGRIOR of t
ext 8. heatiiig Aybar SRR Yubi s o A7 arbd PRY 17&“%*&%%2%1‘?%%%‘2? th
the presentlénmgnlggtggdaf face of the reflection film 301b.

As shown in the intensity distribution curve
307e of the infrared ray emission in the part (a) of FIG.
17, the emission intensity of the infrared rays from the
heating element 302 in the vicinity of the y axis in the
positive direction thereof is lower than that in the
vicinity of the x-axis direction. On the y axis side in
the negative direction thereof, emissiocon is restricted by
the reflection film 301lb as a matter of course.

Whentheintensitydisfributionqurve271cﬁfthe
conventional infrared ray lamp shown in the part {(a) of
the above-mentioned FIG. 26 is compared with that of the
fifthembodiment,theanglerangejjlthedirectionwherein
the emission intensity is high in the £fifth embodiment is
wider than that in the conventional example.

As a result, the infrared ray lamp of the fifth
embodiment is suited, for example, in the case when the
center of an object to be heated is placed on the y axis

of the infrared ray lamp in the positive direction thereof

and in the case when the entire flat face of the object



descri bed as a sixth enbodinent. The infrared ray | anp described in the
above-nentioned third enbodinent is used as the infrared ray lanp for the
heati ng apparatus of the sixth enbodinent, and the reflection plate 280
shown in FIG 25 is provided for this infrared ray |anmp. Al of the
above-nentioned infrared ray lanps in accordance with the above-nentioned
first to fifth enbodinents are structuré@ to have substantially simlar
ext er nal shape as that of the _conventional infrared ray . For this

reason, in a hedei h§3d5hr atBid CavihgP thBSIEGHTRRMR T o4l tlhrﬁ‘ r%r%ﬂllsay }snp,

it is easy for ordinary ineers skilled in the related art to replace the
infrared ray$ahpiwo %ﬁﬁmg¥ ‘the infrared ray lanps in accordance with the
first to flft enbodi nent s. Fbailng appar at uses each having the
conventi onal §SifF R e@MPRAA ISR hat i s replaceable with the infrared ray
| anp of the present |n¥en%|on as gescr bove are t follomn 8
appar at uses, for exanpl&* (1?1H% g ﬁBBgFQt §SJ§H%ﬁ 1pfraned Ty
kotatsu (a Jf$anese traditional he |n9 devi ce H;oner,

B e

ey o ag TRRRC RS Aot o 8RB BAA O hrean B0s Bvern Sy , FRET

apparatuses,dsuch s £ clothln éHIemb ambe ding drier, a food treatnent
appar at us, %?Bé trea?nen appara?a% °8 leat i ng-type deodori zi ng

The infrared ray lamp described in the
above-mentioned third embodiment is used as the infrared
ray lamp for the heating apparatus of the sixth embodiment,
and the reflection plate 280 shown in FIG. 25 is provided
for this infrared ray lamp.

ALl of the above-mentioned infrared ray lamps
in accordance with the above-mentioned first to £ifth
embodiments are structured to have substantially similar
external shape as that of the conventional infrared ray
lamp. For this reason, in a heating apparatus having the
conventional infrared ray lamp, it is easy for ordinary
engineers skilled in the related art to replace the

{ infrared ray lamp with one of the infrared ray lamps in
accordance with the first to fifth embodiments.

Heating apparatuses each having the
conventional infrared ray lamp that is replaceable with
the infrared ray lamp of the present invention as described
above are the following apparatuses, for example.

{l) Heating apparatuses, such as a heater, a

kotatsu {a Japanese traditional heating device), an air



apparatus and a bathroomdrier (3) Heating-type sterilizing apparatuses (4)
Cooki ng appar at uses, such as an oven, an oven range, an oven toaster, a
toaster, a roaster, a warmng apparatus, a yakitori cooker (skewered

chi cken cooker), a cooking stove, a defroster and a brewer (5) Hairdressing
apparatuses, such as a drier and a permanent wave heater (6) Apparatuses f
or fixing letters, images, etc. on sheet3 (a) Apparatuses for carrying out
di splay by using toner, such as an LBP (laser beamprinter), a PPC (plain
paper copi ecpnahidt dohgesi i el By angshriatestgendr atearatusr amst ez of an
original filmto an object by heating (7) Soldering heaters (8) Driers for
senm conduct &2 tfer eps he@ter (9) Apparatuses for heating pure water when
cleaning wafers, etc. in sem conductor production processes, and (10)

I ndustrial coating dri€?s Dring anpRFAREEES, BRCApPArards thém héatliay.

obj ects Dby usi n‘g an infrared ray |anp as a heat source can be an apparatus
whose i nfrarfedgd$iPanlEHT bedr EPICdc dr SR EReRS ARIBRF RBBE -alfo\E2TFREGE 18 i s

a perspective view show ng the ) o
treatment apparatus, a heating-type deodorizing

apparatus and a bathroom drier

(3) Heating-type sterilizing apparatuses

{4) Cooking apparatuses, such_ as an oven, an oven
range, an oven toaster, a toaster, a roaster, a warming
apparatus, a yakitori cooker (skewered chicken cooker),
a cooking stove, a defroster and a brewer

(S)IHairdressing apparatuses, such as a drier
and a permanent wave heater

(6) Apparatuses for fixing letters, images, etc.
on sheets

(a) Apparatuses for carrying out display by
using toner, such as an LBP (laser beam printer), a PPC
(plain paper copier) and a facsimile

(b) Apparatuses for thermal transfer bf an
original film to an object by heating

(7) Soldering heaters

(8) bDriers for semiconductor wafers, etc.

(8) Apparatuses for heating pure water when
cleaning wafers, etc. in semiconductor production
procasses, and

{10} Industrial coating driers



e

positional relationship between the infrared ray lanp and the infrared ray
reflection plate 308a of the heating apparatus of the sixth enbodinent. In
FIG 18, the central portion of the infrared ray lanp is not shown.
Furthernore, since the infrared ray |anp used herein is the infrared ray
| anp described in the above-nentioned third enbodinent, its explanation is
omtted. The reflection plate 308a of thessixth enbodinment is forned of

al umi num has a sem -cylindrical shape neasuring about 0.4 to 0.5 mmin

t hi ckness, and has a mroitief iwdshed arefdpcitatubaterdie at Snignbbriralt 4 ace.
The infrared ray reflectivity of the reflection plate 308a is about 80 to
90% The refdyecidong phat enBe8acdd mhpspbard asnapakald edowtth the eentses |ine
of the heating element 302, with a predeterm ned space provided fromthe
external fagmafathe ghase tolfe 3044 dde rafipecahoveptaptald@Inwisth as
installed by using the center line of the heating elenment 302 as its
center.. As aumwmibadFeGovWd, the reflection face, that is, the internal
face of the reflection plate 308a, is disposed so as to be opposed to the
wi der side portion 302BGof lBhe heat pagseleenente 302ew/Shdhéngefdlect i on
plate 308a forned of alumnumis explained as an exanple in the sixth
enbodi ment ; guwseveonali nefledd aofslal prdatweematbei ahs rkavddgay danmiarat ed
ray reflectivity and being stable at high tenperatures, such as gold,
titanium ni ttiedeinfrbved amly stafdleedsicneplater 308a of the heating

apparatus of the sixth embodiment. InFIG. 18, the central
o portion of the infrared ray lamp is not shown. Furthermore,
since the infrared ray lamp used herein is the infrared
ray lamp described in the above-mentioned third embodiment,
its explanation is omitted.

The reflection plate 308a of the sixth
embodiment is formed of aluminum, has a semi-cylindrical
shape measuring about 0.4 to 0.5 mm in thickness, and has
a mirror-finished reflection face on its internal face.
Theinfraredrayreflectivitycﬁfthereflectionplate308a
is about 80 £to 90%. The reflection plate 308a‘is disposed
in parallel with the center line of the heating element
302, with a predetermined space provided from the external
face of the glass tube 301, The reflection plate 308a is
installed by-using the center line of the heating element
302 as its center. As shown in FIG. 18, the reflection
face, that is, the internal face of the reflection plate
308a, is disposed so as to be opposed to the wider side

portion 302a of the heating element 302.



applicable. The reflection plate 308a having a sem - cylindrical shape is
explained in the sixth enbodi nent; however, its cross section can al so take
ot her shapes, for exanple, a shape having a part of a circle, a parabola or
an ellipse; or a shape fornmed of a conbination of plural straight |ines,
such as a part of a polygon (the shape of the Japanese letter " J " for
exanple) , a shape forned of a conblnaggog of them (the shape of the
English letter "U" for exanple) or a flat shape; the shape should only be a

shape suited for obt am@énﬂefmec%el%rr%C!L-théem&n@érmga%f'@yah%&& e

em ssion intensity of infrared rays. By installing the reflection plate 308a

as descrihgg, abpNea ageaﬁléﬁ&lpgeahndtﬁbrsDseﬁ:hogm%dtﬁeen@mﬁéweoelznt ensity
of the infrared rays has substantially sinmilar shape as that of

intensity disded et benaguinigumO7datBrtile 4 quawngrrm@lhrramfﬁem Iﬂa;; he
part (a) of the above-nentioned FIG 14. Wth the above-nenti oned

structure, yidei ScP993ith) @rld vebilpd st Abrargd nays RawprtadhAkkar such
directional distribution of the emssion intensity as that of the infrared

ray lanp ofad Be Uit affi ufbogt peat . s Asvar 888l dtat RecRRakkRG 13pRAAL US Of
the sixth enbodinent is suited for a use wherein an object disposed at a

posi tion oppasedckeikhe reflection face of the reflection plate 308a is
heated locally for exanple. The enmi ssion intensity of the infrared ray |anp
The reflection plate 308a having a semi-

¢ylindrical shape is explained in the sixth embodiment;
however, its cross section can also take other shapes, for
example, a shape having a part of a circle, a parabola or
an ellipse; or a shape formed of a combination of plural
straight lines, such as a part of a polygon {(the shape of
the Japanese letter "I" for example), a shape formed of
a combination of them (the shape of the English latter “"U”"
for example) or a flat shape; the shape should only be a
shape suilted for obtaining the desired directional

distribution of the emission iqtensity of infrared rays.

By installing the reflection plate 308a as

described above, the directional distribution of the
emission intensity of the infrared rays has substantially
gimilar shape as that of the intensity distribution curve
307d in the fourth embeodiment shown in the part (a) of the
above-mentioned FIG. 14. With the above-mentioned
structure, it is possible to obtain infrared rays having
similar directional distribution cf the samissicn

intensity as that of the infrared ray lamp of the fourth



of the third enbodi nent has directivity in the x-axis direction as shown in
FIG 11. For this reason, in the heating apparatus of the sixth enbodi nent,
the emssion intensity of the infrared rays by the reflection plate 308a
becones higher than that of the conventional exanple. In addition, in the
case when the reflectivity of the reflection plate 308a is reduced

consi derably because of changes with 4ihe,-the adherence of stains, etc.,
the effect on the directional distribution of the emssion intensity in
the sixth eaBbaidismnts |B§sat FRFYhht thet heathrg ap@RadkIsomieriti®onal
infrared ray lanp shown in FIG 22 is used for exanple. ((Seventh

enbodi ment ) JiKéERt erbpaliedd appafBiGsdusig #hesenfilReRlRapn e Eh
accordance with the present invention will be described as a seventh

enbodi ment . ATEROSHE gt e d® rIRYS F AAP ToPRRRS $idak ? nghappafdesst 1or §decsaedenth
enbodi ment is structured such that the reflection plate 308a described in

t he above- nEREi 5REd-SSFLPR BABOG df2 il diaporedl 902ddgr 65 estanrbear ound
the center line of the infrared ray lanp. - 77. FIG, 19 is a perspective

vi ew showi ng the positi%ordtiFetani bRSRNF et Wderk tehd NifF P e # 8y #BRp and
the infrared ray reflection plate 308b of the heating apparatus of the
sevent h eanéi#éﬁ.tmbﬁgvéﬂbqqﬁﬁ?ﬁﬁ P&s e elAVAAY pbitt FBR oF kS

infrared ray | a i s not shown.
%irég%ion as shown in FIG. 11. For this reason, in the

heating apparatus of the sixth embodiment, the emission
intensity of the infrared rays by the reflection plate 308a
becomes higher than that of the conventional example. In
addition, in the case when the reflectivity of the
reflection plate 308a is reduced considerably because of
changes with time, the adherence of stains, etc., the
effect on the directional distribution cof the emission
intensity in the sixth embodiment is less than that in the
case when the conventional infrared ray lamp shown in FIG.
22 1is used for example.

{seventh embodiment)

Next, a heating apparatus using the infrared ray
lamp in accordance with the present invention will be
described as a seventh embodiment.

The infrared ray lamp of the heating apparatus
of the seventh embodiment is structured such that the
reflection plate 30Ba described iﬁ the above-mentioned
sixth embodiment is disposed 90 degrees rotated éround the

center line of the infrared ray lamp.



Furthernore, since the infrared ray |lanp used herein is the infrared ray

| anp described in the third enbodinment, its explanation is omtted. As
shown in FIG 19, the reflection face, that is, the internal face of the
reflection plate 308b, is disposed so as to be opposed to the narrower side
portion 302b of the heating el enment 302. By di sposing the reflection plate
308b as described above, the directional’ dlstrlbutlon of the em ssion

intensity of infrared IS stant al gu to that of th fifth
embodi nent shown in thgia%:lrt 9%a}go rﬁ’tehrsél%oglv r‘{tlleo%e%ﬁﬁf"é ng 7 ‘T’n ot her

vords. o 1 s diacly ol sheku Ll b TSy égéenﬁé%plan%“at
h hird
(he 0o enbpe e, e beg! i a9pRogt o AU, osevenh el |5

paral el vl Labhe el e, RLereaL o302, AdadRRgsed tkpm,&_@@?ﬁr%%éow ate

308b is heat® stantia y uni or exanpl e érnore, fhe

f d t
a.“r;i{.ev.{S‘y.tfaé?ﬁﬁféér%ﬁep%%‘ttens.t gg%?ﬁ%%b%%%”@éﬂﬂ@ Lo SWBen
iy
reason, in ectlmycr@?apﬁ%eteuscr@ iher fgangagﬁrf%?r%r@yéa g@rtefl% case

when the r ef e reflection plate reduced consi erably
because of CpﬁggfﬁfWéﬂéé'fg& 148p described in the third embodiment,

its explanation is omitted.

As shown in FIG. 19, the reflection face, that
is, the internal face of the reflection plate 308b, is
disposed so as to be opposed to the narrower side portion
302b of the heating element 302.

By disposing the reflection plate 308b as
described above, the directional distribution of the
emission intensity of infraredrays is substantially equal
to that of the fifth embodiment shown in the part {(a) of
the above-mentioned FIG. 17. In other words, similar
directional distribution of the emission intensity as that

B of the fifth embodiment can be obtained by using the
infrared ray lamp of the third embodiment. The heating
apparatus of the seventh embodiment is thus suited for a
use wherein the entire flat face of an object placed in
parallel with the heating element 302 and copposed to the
reflection plate 308b is heated substantially uniformly
for example.

Furthermore, the infrared ray lamp of the third



adherence of stains, etc., the effect on the directional distribution of
the em ssion intensity is less than that in the case when the conventi onal
infrared ray lanmp shown in FIG 22 is used for exanple. In the infrared ray
| anp of the present invention, the intensity of the infrared rays emtted
fromthe heating elenent has directivit descrlbed bel ow. I n other words,
the em ssion intensity of the |nfrared r §s-becones a maxi mumvalue in the

t hi ck di f t he heat d t t t th dth
i oot on oA °rh‘a§t. A EbhPra 0T Ras YerbEt Tl i) )
I bl th th l.ye. t
el ecti on pRENTSEHoto BB Ret (ot be LRd? “fore Lich ﬁgﬁlﬁ%}ﬁé’?% S
f d I h d d by the, |
e St ruct ur oF %Enpnﬁav'“ L 4RRI5r 6 ?ﬁ'% Aen 9300 G SRPECITIART ord doB not

cause reductjon in th th%fkeq}{YéEXvﬁ g%t f|ECtﬁggﬁ I%igpﬁ%g%rﬁﬁ%b

preventing rédguctTon i n ef fici ency

i nfrared ray I%braqicoédwgnQaaéga%t%lepvo%aggehgf S LALLECLLO Lilin the,

intensity di'st 1 i on curve o em ssi on rared rays

emtted Tromdde gsay B¢ Sl Gancbe + Al | usted. %nh%emac} L £4RL g ned

shape. a resu the intensity “thé Infrare

unnecessary qil £ EEHLRAS L YE I d &5t g«.gisﬁ lW'E% esbly&hfs'fég@r@ﬂa % nd@mp of

t he present |nvent|on exhi bits good em ssio
in the case when the conventional infrared ray lamp shown

in FPIG. 22 is used for example.

Intheinfraredraylampcﬁfthepresentinvention,
the intensity of the infrared rays emitted from the heating
element has directivity described below. In other words,
the emission intensity of the infrared rays becomes a
maximum value in the thickness direction of the heating
element, and the intensity in the width direction of the
heating element has a small value that is substantially
negligible in comparison with the maximum wvalue. The
conventional reflection plate is not required to be used
for such a use wherein an infrared ray lamp having such
directivity is suited, whereby the lamp can be structured
simply. The infrared ray lamp having this structure does
not cause reduction in the reflectivity of the reflection
plate, thereby preventing reduction in efficiency.

In addition, in the case when the infrared ray
lamp of the present invention has a reflection £ilm, the

intensity distribution curve ¢f the emission of the



efficiency. Furthernore, unlike the reflection plate, the reflection face
of the reflection filmis not stained by external adherents and the |iKke.
Mor eover, changes wth tinme in the shape of the reflection filmand the
like are less significant than those of the reflection plate. As a result,
the high reflectivity of the reflection film is nmaintained for a | onger
period than that of the reflection plat® -The infrared ray |anp of the
present invention therefore naintains its good characteristics for a |ong

tine. In théREAARRQATAEY 1S4hbt B dt A& OFr ddemt REAFEMT chlemMBR throd dPRg t he
reflection filmat a position desirable for_the heati n% el ement, the
intensity ofddies §9%ria? P YaR POFFEEFBE A SRARG t tR8 FrT0hT Ehé -+ ERect i on
filmcan be. increased int%’;;p_ecific irection, and the range of the high
eni ssi on i nfBFENSL B e Wt rbWel2TAS & FEI PP TR it FAPEFGS52TEnp of
t he present i nventjon havi ngﬂat hi s 1Igi nd,_of reflection film %ecorre a_devi ce
suited for SLEEETHRBFeCAT I af 28T 4R di YREFPOY JPposeBifdhsit ray
reflection _filmi atedloca{;l f or_.exanpl syited for fixing and the
ke T o cOpet OB RRURRRASF el hVE AT PFarBY BB i B ST pr esent
invention, b rovi di.ng tFe reflection filmat _another position.desirable
for the heatfiig & SRBAC, {HE SEREPry UG Hife FAPr APGGT Sy LOPePIdtted by
and emttedthﬁ‘:‘,r (J):'@ftlhgcxl;]e.ynegglcgnoffll:fpecz?‘gfggc 1doen Sfulblsr;[laipé Inac!tl:ységfnggne’
by external adherents and the like. Moreover, changes
with time in the shape of the reflection £ilm and the like
are less significant than those of the reflection plate.
As a result, the high reflectivity of the reflection £ilm
is maintained for a longer period than that of the
reflection plate. The infrared ray lamp of the present
invention therefore maintains its good characteristics
for a long time.

In the infrared ray lamp of the present invention,
by providing the reflection film at a position desirable
for the heating element, the intensity of the infrared rays
reflected by and emitted from the reflection f£film can be
increased in a specific direction, and the range of the
high emission intensity can be narrowed. As a result, the
infrared ray lamp of the present invention having this kind
of reflection film becomes a device suited for a use
wherein the area in the direction opposed to the raflection

film is heated locally, for example, suited for fixing and

the like in a copier.



whereby the range of the em ssion intensity can be wdened. As a result,
the infrared ray | anp of the present invention having this kind of
reflection filmbeconmes a device suited for a use wherein the entire flat
face of an object placed in parallel with the heating el enent and opposed
tothe reflection filmis heated unlforn1y, for exanple, suited for a
toaster. In the nethod of producing. the @nfrared ray lanp 1in accordance

with the present inveqﬁipﬁ%ekn% efle % ﬁ?g I8 fo ﬁ;d%g¥ﬁusknq:the
t o

shape of the glass tube 3C I T ornatlo

sem - cyl i ndyical ﬁ@fkﬁ%'n%’lé '”byngrzlg:bgld@fxg 19 o2 %f?%t‘%lo’ha% prdance

wth the p asent I nvent’i on, I"anmp o e presen i Aventi on

has Sim ! ar Shane. asb08t %f e, ooyentisnal.d igared o an Jaumy fon dhi's

reason, the’in rared convention ng apparafus can be

r epl aced ""'E*P% r@ll: ?“?:ﬂ fj%uﬂf?‘gPerr gv"sai}ree?fé'&t ﬁagv[ ‘ﬂhrare glfSUl L,

by providi ng e con i ona eat1'ng app tus ray | anp

havi ng di regtiyi iy Pe%fﬂ@c&arqﬁ'ﬁ@n Lahens ity Ok t{)@ﬁ?ga&q_ gatggmfel,ng

apparatus - 81 havin aracteristics can be tal ne
Bfie

heating app@v&?&ﬂ’@bf%@%a‘tﬁ%@o%%h@%ileglﬂl f&%én%rltryog% be'%% *&ﬁe.at' ng
apparatus of the present invention, by installing the “'sem-cylindrica
reflection Al aleelfskeagnafidheareld 864l Onbid Meidie Adesti Al EHE SN
havingthiskindofreflectionfilmbecomeseadeviqesuited
for a use wherein the entire flat face of an object placed
in parallel with the heating element and opposed to the
reflection £film is heated uniformly, for example, suited
for a toaster.

In the method of producing the infrared ray lamp
in accordance with the present invention, the reflection
film is formed by using the shape of the glass tube. This
facilitates the formation of the semi-cylindrical
reflection f£ilm.

In the heating_apparatus in accordance with the

‘ present invention, the infrared ray lamp of the present
invention has similar shape as that of the conventional
infrared ray lamp: for this reason, the infrared ray lamp
of the conventional heating apparatus can be replaced with
the infrared ray lamp of the present invention. As a
result, by providing the conventional heating apparatus

with the infrared ray lamp having directivity in the

emission intensity of infrared rays. a heating apparatus



of the intensity of the em ssion of the infrared rays can be adjusted to
have a predeterm ned shape. Wth this structure of the infrared ray | anp of
the heating apparatus of the present invention, the intensity of the
infrared rays emtted in unnecessary directions can be restricted. In
addition, even if the reflectivity of the reflection plate |owers, the
directivity of the infrared ray lanp is 8hot so affected as in the case of

t he conventional apparatus, since.the infrared ra ar s directivity.

For this: 1 eddbn e naBRs I Ar SFFPE It b Chhe Bredty b Beiparsd e tig.
accordance wth the resent. invention:-is sup ri%L to %hat of the

convent i onal %%Eh?gt%)%?afﬁ ESeC BT NG HbH&? aﬁﬁ? i RO HANE & W PR e
present invention, by ro¥'din t@e reflectiqp fil q%ﬂg Bosition desirabl e
for the heating el emsnfr,l the“3 intenst ty *PEF the ¥ nP?ar rBYESPEY ected by -

and em tt ed J‘;{%\g&x 08n rﬁg' Jgggit%g.lai;r{gint%aen s%‘?ni-”éﬁﬁ%%dﬁié‘af chgﬂa%gtﬁ?oo% d

di rection, € rdng em ssion ihtensity can

| . ASTTY- T ~artol
As a resul t ., fhe. Neali0gappar Al use £ LAY o PLASENT AW ENLion. By 0. L0l S

ki nd of refl ron becones a deviceée suite érein the area

0 the - 82 ofllygeti . 00ROSed el enthenisl et i hid 14 poheateda oeall .

Furt her nor e, atTng-apparatus o present” i nventi on

provi di ?gt;g?er&&hﬁgttie% {4 1MoL ANUNEL PORL QD de5heabl qif {hesheating
structure of the infrared ray lamp of the heating apparatus
of the present invention, the intensity of the infrared
rays emitted in unnecessary directions can be restricted.
In addition, even if the reflectivity of the reflection
plate lowers, the directivity of the infrared ray lamp is
not so affected as in the case of the conventional
apparatus, since the infrared ray lamp has directivity.
For this reason, the heating efficiency of the heating
apparatus in accordance with the present invention is
superior to that of the conventional apparatus.

In the heating apparatus in accordance with the
present invention, by providing the reflection £film at a
position desirable for the heating element, the intensity
of the infrared rays reflected by and em;tted from the
reflection £ilm can be increased in a specific direction,
and the range of the high emission intensity can be
narrowed. As & result, the heating apparatus of the
present invention having this kind of reflection film

becomes a device suited for a use wherein the area in the



intensity of the infrared rays reflected by and emtted fromthe reflection
filmcan be made substantially the sanme, whereby the range of the em ssion

intensity can be widened. As a result, the heating apparatus of the present
invention having this kind of reflection filmbecones a device suited for

a use wherein the entire flat face of an object placed in parallel with the
heating el enent and opposed to the refl&2tion filmis heated uniformy.

Al t hough the, present invention has Jheen scribed Ln.terns of the presently
o ef Corred ORI FaREs SoR Pl 13 R aer SRS T hat LAIH i Ser b8 b 1 s ot
to be interggetgg as limting, but various alterations and nodifications
will no doub& Baeore apparent to those skilled in the art to which the

present invention pertﬁhggggéﬁéfé hg@'¥k4Sﬁgagﬁ§i§§ﬁﬁégg%gé”%'efhe

accordingly, it is inten t he "appen 'nt'erpreted as

T o AASHAL SRS ST BT A0 O SRR,
elating 1o ADERLENo ARPALRtus Lor gt ion BRLERLSLI00TE, Bk A

efficiently f&geﬁégﬁg G éffnp.)fa}f?ed]gr siPé%i%%%éc@yb%'t%%mﬁtﬂ%'tye&'“d

as a heat source, can al sO provi a Versatile appar S rein the

f'ior ggti vity pfohtfdeed &y S S5 AL £28 LRade! £¢b 88 adeRendi PG N sameobi ect

whereby the range of the emission intensity can be widened.
As a result, the heating apparatus of the present invention
havingthiskindofreflectionfilmbecomesEadevicesqited
for a use wherein the entire flat face of an object placed
in parallel with the heating element and opposed to the
reflection film is heated uniformly.

Although the present invention has been
describedintermscﬁfthepresentlypreferredembodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting., but various alterations and
modifications will no doubt become apparent to those

g skilled in the art to which the present invention pertains,
after having read the above disclosure; accordingiy, it
is intenaed that the appended claims be interpreted as
covering all alterations and modifications as fall within
the true spirit and scope of the invention.

INDUSTRIAL APPLICABILITY
The present invention, relating to a heating

apparatus for heating objects, rooms, etc., can provide



heated. 84 What is clainmed is: 1. A heating apparatus conprising: an
infrared ray lanmp including a heating elenment which has a substantially

pl ate shape, which is forned of a |linier-shaped carbon-based substance of
whi ch cross-section is a rectangul ar shape, and which is hernetically
sealed in a glass tube, and a reflection plate which is disposed so as to
keep a predeternined distance from outsPde of said glass tube of said
infrared ray | anp, wherein said reflectiop pl.ate is disposed so . that an

i nner refle%t?%%?ﬁgea&p%%? Ur efq%eac%i%[ﬂlg?a g’fiel:sa %go§€ s ?rbl%ﬂ Yof the
narrower si £t f i ' , i s, st r such t hat
an obj ect 19 BEChenray fod Hpoatttd FhE8r Py poRll ntbhEsdR) R4F
reflection ace i efl ectio l.at_e. A ti j.n
accordance l%\rn“ h“'gﬁ%?%] %Srevé]e%céi % fsjfgigtg ﬁsg)fullgcc?l o%ggl g%gl ga&g%‘ir) géggi‘)nld%ai d
heat i ng appar at ' [ ntijally in. . i.th.

| ongi tudi nat VT P18 %ﬁ%ggéﬁ’h%gg’ %n@géﬂéa|téﬁe%lrge?és€%léggy¥%%f%%%? 3°2ai d
reflection te, . S at, .t &snd igns in_t i '
direction lﬁ%ﬂ%ﬁﬁﬁgg i%énefjgrr%%tl%}re arr n%ﬂéggﬁﬁl g’nsggls%gﬁ%éﬁjﬁdy&%ﬁrai ght
line with said hgating elenent or said glass tube interposed.



85 3. A heating apparatus in accordance with claim1l1, wherein a
cross-section of said reflection plate has a shape fornmed of a conbination
of plural straight |ines, such as a pamgtd of a polygon. 4. A drying
apparatus having an infrared ray |anp which conprises: a heating el enent
having a substantially plate shape, the wdth of which is larger than its

t hi cknessWhby fsvelaimed bs:nore, a glass tube in which said heating el enent
is hernetically sealed, an el ectrode enbedded at both end portions of said
gl ass tube, electrigahéyrcagneshedatosbobhpendsngt said heating el ement
respectively and also electrically connected to an external electric

circuit, a congecti;on deviqce sHEUr edmp0o bBotN Rndiporgi ongadfhgsai b figati ng
el enent respectively and electrically connected to said heati'ng el enent,

d lead W t ' ti [ d . sai | ect
0 pul| bR Indaht Sai 8RR The S ehemEnt  TRRSIot TR AEA 1 ensl oHERG

used to el ectrical .connect said connection devices to said el ectrodes,
wher ei n s%fd c%nnehﬁpéﬁraégﬁ8§%hasCgrbﬁgé®§§ﬁﬁttiﬁé%ﬂﬁﬁﬁﬁethéa whic

cross-sectional area of which 86 is larger than the cross-sectional area of
sai d heatfhAgss—section 1s a rectangular shape, and  which 1is

hermetically sealed in a glass tube, and

a reflection plate which 1is disposed so as to
keep a predetermined distance £from outside of said glass
tube of said infrared ray lamp,

wherein said reflection plate 1is disposed so that
an inner reflection face of sald reflection plate is opposed
tc one of the narrower side portions of said heating element,
and 1s structured such that an object toc be heated 1is
disposed in the front position opposing said reflection

face of said reflection plate.

2. A heating apparatus in accordance
with c¢laim 1, wherein said reflection plate provided in
said heating apparatus is disposed substantially in
parallel with the longitudinal direction of said heating
element disposed in front of said reflection plate, and
such that the end portions in the longitudinal direction
of said heating element are arranged in a substantially
straight line with said heating element or said glass tube

interposed.



el ement on a plane perpendicular to the direction of the current flow ng
through said heating elenent, in order to prevent said |lead wires from
bei ng overheated by emitting heat tranggitted fromsaid heating el enent. 5.
A drying apparatus conprising: an infrared ray |anp including a heating

el ement which has a substantially plate shape, which is formed of a

| i ni er-shaped carbon-based substance of which cross-section is a
rectangul ar shape, and which is hernetically sealed in a glass tube, and a

reflection plaie which is gisposed so _aazjﬁé)raﬁq@p a pradet er m neeh i stance
i

fromoutside of said glass tube of sa infrared ray | anp, wherein said

refiection g als | s, diisposed 89.Lhal oppskoaeeelhl el okl ace-of 1 &d thn
reflectionplate i’ s oppdse to one of the narrower side portions of said
heati ng el enent and i,s structured such that. an_object tq he . heated.

di sposed ?%F?%eh??oﬁ:ﬁﬂ%ﬁ?igﬂr%%gogﬁnﬁrﬁﬁ%?+%ﬁ?%%¢i8% qi%ﬁ?%ﬁgﬁﬁﬁ%Fﬁk
reflection plate. 6. A cooking apparatus having an infrared ray |anp which
conpri sestiZeheati®y &F froptrha®t ng BOLUBSEantially plate shape, the width
of which is larger than its thickness 87 by five tinmes or nore, a glass
tube in which said heating elenent is hernetically sealed,

4, A drying apparatus having an
infrared ray lamp which comprises:

a heating element having a substantially plate
shape, the width of which 1is 1larger than 1its thickness
by five times or more,

a glass tube in which said heating element 1is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electrically connected tc both ends of said
heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end ©portions
of said  heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
element at a predetermined tension and used to electrically
connect said connection devices to said electrodes,

wherein said connection device has a

heat-emitting Dblock, the cross-sectional area of which



an el ectrode enbedded at both end portions of said glass tube, electrically
connected to both ends of said heating elenent respectively and al so
electrically connected to an external gkectric circuit, a connection device
secured to both end portions of said heating el ement respectively and
electrically connected to said heating elenent, and | ead wires secured to
sai d connect ilrqdavi aesn anthesaidr@d seddademAo asrdd puf | ditd erdsiefg sai d
heating elenment at a predeterm ned tension and used to electrically

connect Saj G LHANNRGE i gn geaheespépp&@aﬁc@laeﬁt redeshewhgh ebRr $8hd gPNREGL i on
device has a heat emtting block, the cross-sectional area of which is

Largerl ManAdif ot orsupeal ANBeR Ol P bdEd NOc L BLEERT D A RS

perpendlc e d|r ction o the current W ng t rough sai
el enent, in order to prevent said | ead wires from bejn er heat e
s hode gl ch

h
emtting tche%er?%hsﬁiatlfjedlefar%n’F'éﬁ?ﬁ 81 5 %enRhe T gki OICatpl)rgiagr at us

conprising: an infrared ray lanp including a heating elenent which has a

subst ant i3ty taenSHape, Topm cheid RRthed FeBent ni er- shaped car bon- based

substance of which 88 cross-section is a rectangular shape, and which is

hernmetically sealed in a glass tube, and a reflection plate which is

di sposed so as to keep a predeterm ned distance from outside of said glass
5. A drying apparatus comprising:

an infrared ray lamp 1including a Theating element
which has a substantially plate shape, which 1is formed
of a linier-shaped carbon-based substance of which
cross-section is a rectangular shape, and which is
hermetically sealed in a glass tube, and

a reflection plate which is disposed SO as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,

wherein said reflection plate 1is disposed so that
an inner reflection face of said reflectionplate is opposed
to cne of the narrower side portions of said heating element,
and 1s structured such that an object tc be heated 1is
disposed in the front position opposing said reflection

face of said reflecticon plate.

6. A cooking apparatus having an
infrared ray lamp which comprises:
a heating element having a substantially plate

shape, the width of which 1is larger than its thickness



tube of said infrared ray |lanp, wherein said reflection plate is disposed so
that an inner reflection face of said reflection plate is opposed to one
of the narrower side portions of said héating elenent, and is structured
such that an object to be heated is disposed in the front position opposing
said reflection face of said reflection plate. 8. A copier having an

i nfrared bunyfivanpimds cbr coopej ses: a heating el enent having a substantially
plate shape, the width of which is larger than its thickness by five tines
or nore, a glass tuked n whbeh siaid hedichng € edenthdax imer metliegahky seal ed,
an el ectrode enbedded at both end portions of said glass tube, electrically
connect edn ¢ b0l ba endssof1e8ai d heating el ement respectively and al so
electrically connected to an external electric circuit, a connection device

secured to botgnenq3¥5ggig@é giﬂﬁﬁkﬂubeat%”g gb@gentgggspegékgggxsand

el ectrically connected to sai eating el enment, and W res secured
to said conpecti devj c and. sajd, el ectrodes so_a p oth nds
sai d heatTaYy ﬁﬁ%ﬁt gTb%'pr%ﬁ%?t?h?%ggyteﬁ%?%%c5$% ug%du?%tgle%? ?ca?
connect said connectlon devices to said el ectrodes, wherein said cpnnectlon
devi ce hagahd heating element respectively and also electrically
connected to an external electric circuit,
a connection device secured to both end portions
cf said heating element respectively and electrically
connected to said heating element, and
lead wires secured to said connection devices
and said electrodes so as to pull both ends of said heating
element at a predetermined tension and used to electrically
connect said connection devices to said electrodes,
wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the directicn of the
current flowing through said heating element, in order

to prevent said lead wires from being overheated by emitting

heat transmitted from said heating element.

7. A cooking apparatus comprising:
an infrared ray lamp including a heating element
which has a substantially plate shape, which 1is <formed

of a linier-shaped carbon-based substance of which



heat-em tting bl ock, the cross-sectional area of which is larger than the
cross-sectional area of said heating elenent on a plane perpendicular to
the direction of the current flow ng tBeough said heating elenent, in order
to prevent said |l ead wires from being overheated by emtting heat
transmtted fromsaid heating elenent. 9. A copier conprising: an infrared
ray | anp ¢ncdariengricorheatiing el enerctanhudhrhasshapabst aatdal | whptiat e ishape,
which is formed of a |linier-shaped carbon-based substance of which

Cr 0SS- secidafed Scal I eCded il al n ShapEasanguwd)j cinds hernetically sealed in a
gl ass tube, and a reflection plate which is disposed so as to keep a

predeterm ned i stargechriom oubshde ofysaifl ghass qiubesof salg ipkrared ray
| anp, wherein said reflection plate is disposed so that an inner reflection

face of said reflectl S ne - NAEr o si de
portions ]g%g%a?ad E%aetdl%%fme g%éjnt fﬁggﬁg\%%s g??ﬁ‘ctﬁ?ééggchg%haﬁg% o(ngaeScSt to
be heated is disposed ip the front. position opposing said reflection 90
face of s%ﬁ??r%#l%%%$ohp e Ay %é%ﬁinter having an infrared ray |anp
whi ch conprises: a heating elenent having a substantially plate shape, the
wi dth of whi chvhargin gefaffian refd echiléknesslaty five €ifpss6e msice, that

an inner reflection face of said reflection plate is opposed
to one of the narrower side porticns of said heating element,
and 1s structured such that an object to be heated 1is
disposed in the front position opposing said reflection

face of said reflection plate.

8. A copier having an infrared ray
lamp which comprises;:

a heating element having a substantially plate
shape, the width of which 1is larger than its thickness
by five times or more,

a glass tube in which said heating element 1is
hermetically sealed,

an electrode embedded  at both end portions of
said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end porticns
of said  heating element respectively and electrically

connected to said heating element, and



a glass tube in which said heating elenent is hernetically seal ed, an

el ectrode enbedded at both end portions of said glass tube, electronically
connected to both ends of said heatingsel enent respectively and al so
electrically connected to an external electric circuit, a connection device
secured to both end portions of said heating el enment respectively and
electrically leemhectweidrd saselcheatli ngtel eneatd andoheadtiiones skecuirced to
sai d connection devices and said electrodes so as to pull both ends of said
heating elenentdatlacpredetersd ngd ttension apdthsesddso ©f eghitcaldating
connect said connection devices to said el ectrodes, wherein said connection

devi ce has &hefiealc el t hi88ePLofknehne G10%%r S8R4T Ry af §a Ofe MG 1 1S
| arger than the cross-sectional area of said heating elenent on a plane

per pendi cul.ar 40 J e digectdan, oladie . eurg ety dlomiag dhrough sai d heating
el enent, i n order 0 prevent sai ead wites From ei ng over heat ed by
emtting 91 heat transmtted fromsaid heating elepment. 11. rinter

1
conprising: afi5HTdred ray?tanp i nEUHRTG 8 heat i nitf &t Shrent Pch ha$ a

substantially plate shape, which is formed of a_linier-shaped carbon-based
subst anc &t WHHAE 1N 0sB186&Y i ot 1S aCFeEsaRgataPNahapeted @hi chHiigh
hernetically sealed in a glass tube, and

is larger than the «cross-sectional area of said heating

element on a plane perpendicular to the direction of the
current flowing through said heating element, in c¢rder
to prevent said lead wires from being overheated by emitting

heat transmitted from said heating element.

9. A copler comprising:

an infrared ray lamp including a heating element
which has a substantially plate shape, which 1is formed
of a linier-shaped carbon-based substance of which
cross-section is a rectangular shape, and which is
hermetically sealed in a glass tube, and

a reflection plate which is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,

wherein said reflection plate 1is disposed so that
an inner reflection face of said reflection plate is opposed
to one of the narrower side portions of said heating element,
and 1s structured such that an object to be heated 1is

disposed 1in the front ©position opposing said reflection



a reflection plate which is disposed so as to keep a predeterm ned distance
fromoutside of said glass tube of said infrared ray |anp, wherein said
reflection plate is disposed so that asginner reflection face of said
reflection plate is opposed to one of the narrower side portions of said
heating elenent, and is structured such that an object to be heated is

di sposed fdtd hef fsod Pposl détoiowppbsteag said reflection face of said
reflection plate. 12. An industrial coating drier having an infrared ray

| anp which conprises: a heating el enent having a substantially plate shape,
the wwdth of which is larger than its thickness by five tines or nore, a

gl ass tube in ich, said j ele Ny herneti cal I; , an

el ectrode enbé%gédq%t botﬁﬁgﬁgggortigﬁg%éF§92 sgﬁd glaégltu é%pelecffpéally
connecteq%to bq%h ends of. said heating el enent respectively and al so

el ectricat?%P EOHAECTEWHP I AR external electric circuit, a connection device
secured to both end portions _of said heating el enent resPeptiver and

electrical ly Zond&aedo sateMerhti Mpeithent athd Wi sedirdE to

sai d connection devices and said electrodes so as to pull both ends of said
heating Stapent t@ie a preédet erfi nediclension laasedhan el et ritduldhness

by five times or more,

a glass tube in which said heating element 1is
hermetically sealed,

an electrode embedded at both end portions of
said glass tube, electronically connected to both ends of
salid heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said Theating element respectively and electricaily
connected to said heating element, and
lead wires secured to said connectiocon devices
and said electrcdes sc as to pull both ends of said heating
element at a predetermined tension and used to electrically
connect said connection devices tc said electrodes,

wherein said connection device has a
heat-emitting block, the cross-sectional area of which
is larger than the cross-sectiocnal area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order

to prevent said lead wires from beinyg overheated by emitting



connect said connection devices to said el ectrodes, wherein said connection
device has a heat-emtting block, the cross-sectional area of which is

| arger than the cross-sectional area of 23aid heating elenent on a plane
perpendicular to the direction of the <current flow ng through said heating
element, in order to prevent said |lead wires from bei ng overheated by

emi tting héehttrznsmhite@difeonsasaf dnbrbinggeeéesent . 13. An industri al
coating drier conprising: an infrared ray |lanp including a heating el enent
whi ch has a substantially plate shape, which is formed of a |inier-shaped
car bon- based substance of which cross-section is a rectangul ar shape, and
which is herngticallyrseeéedcbiipni giags tube, and a reflection plate which
is disposed so as to keep a predeterm ned distance from outside of said

glass 93 tube,of saird i akr ar%dﬂazaln@minv&l%{ﬂd@ said hehlacli one plate. is

di sposed so that an inner reflection face of said reflectionplate 1s

opposed to.one of the nar r .Sl portions qf said heating el engng and
is structl %%hsugﬁsthgt gﬁggggggﬁaggybepﬁggged%ngedisﬁ%gﬁ: inl%he T8

ition in id ref ion f idrefl i on pl )
positio 8Pposa g i?ngergs Sgédo ca%%%nqga%%dq %uﬁ%%aﬁ%elji%fa which

cross-section is a rectangular shape, and which is
hermetically sealed in a glass tube, and

a reflection plate which 1is disposed so as to
keep a predetermined distance from outside of said glass
tube of said infrared ray lamp,

wherein said reflection plate 1is disposed so that
an inner reflection face of said reflection plate is opposed
to one of the narrower side portions of said heating element,
and 1is structured such that an object to be heated is
disposed 1in the front position oppesing said reflection

face of said reflection plate.

12. An industrial coating drier
having an infrared ray lamp which comprises:

a heating element having a substantially plate
shape, the width of which 1s Jlarger than its thickness
py five times or more,

a glass tube in which said heating element 1is
hermetically sealed,

an electrcde embedded at both end portions of
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said glass tube, electrically connected to both ends of
said heating element respectively and also electrically
connected to an external electric circuit,

a connection device secured to both end portions
of said heating element respectively and electrically
connected to said heating element, and

lead wires secured to said connection devices
and sald electrodes so as to pull both ends of said heating
element at a predetermined tension and used to electrically
connect said connection devices to said electrodes,

wherein said connection device has a
heat-emitting block, the c¢cross-sectional area of which
is larger than the cross-sectional area of said heating
element on a plane perpendicular to the direction of the
current flowing through said heating element, in order
to prevent said lead wires from being overheated by emitting

heat transmitted from said heating element.

13. An industrial ccating drier comprising:

an infrared ray lamp including a heating element
which has a substantially plate shape, which 1is formed
of a linier-shaped carbon-based substance of which
cross—section is a rectangular shape, and which is
hermetically sealed in a glass tube, and

a reflection plate which is disposed so as to

keep a predetermined distance from outside of said glass
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tube of said infrared ray lamp,

wherein said reflection plate 1is disposed sc that
an inner reflection face of said reflection plate is opposed
to cne of the narrower side portions of said heating element,
and 1is structured such that an object to be heated is
disposed in the front position opposing said reflection

face of said reflection plate.



